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INTRODUCTION TO THE MODEL 

\^ Brief Descriptio n of l:he Model 

In a sense ; the RIVER BASIN MODEL is a misnomer 
because if one places an emphasis on ''River" it leads, one 
to believe that the ^podel is primarily concerned with 
water management. T. emphasis should be placed on "River 
Basin"; and that term should be interpreted in its broadest 
context as meaning a geographical are« of land. Through 
its two major components — human interaction and ccr.putv^r 
simulation — the* model repjresenfcs the cconprnic , social 
and governmental * activity that takes place within the 
geographical boundaries defined by the river basin or more 
simply by a group of continguous bounties. 

The model is unlike most other simulation or, human 
interaction models.. It ,was. not designed to. accomplish any 
one specific purpose. Rather it was designed to^ let its 
users represent the major economic, spcialr, and> govern- 
mental decision-makers v;ho cause a regional sys^tem to- 
function and cliange on a year-to-year basis. As ^part of 
the functioning, of this regional system, water is demanded 
by industries and municipal water suppliers and .pollution 
is generated by manufacturing and commerciai activities, by 
people, and by farm activities. 

The model is. a computer-assisted de.cision-^making 
tool. In which a .number of computet programs- -simulate m.ajor 
processes that take place in the local system s*:ch as 
migration, housing selection, employment, transportation, 
shopping patterns, the allocation of leisure time, and water 
quality determination. Users of the model provide inputs 
to the£.e programs bn behalf of business activities in the 
economic sector, groups of people or population, units in 
the social sector, and government departments in the 
government sector. 

Norm.ally, the users* of the model are assigned 
decision-making responsibility for businesses, population 
units, and government departments in a gaming format. 
This means that users become m.enibers of teams that are 
assigned control of: 

1. Economic Assets: cash, land, manufacturing 
plants , outside investments , coimnercial 
activities, and/cr residences.' 

2. Social Assets: population units that are 
designated as high income, middle income, 
and/or lov; income. 



3. Government Assets: ' pov/er of the budget, taxing 
and assessing authority, service responsibility, 
and planning and regulatory pov;er. 

The computer print-outs for a year provide aide-- 
tailed description of the regional area repre55onted )|)y the 
model, and the users of the model oivaluate this status as 
individuals, as team meinbers, and coilectively to define 
problems, establish objectives develop strategies, imple- 
ment plans, .and react to feedbacJc from' the nev; computer 
printout for the nex'- year. 

The initial starting position shows a particular 
set of allocations of the locals system's resources and 
their effects on the status of . the local area. The users 
of the model evaluate their, ovn particular status within 
the local system as v;ell as 'the sta.tus of the area as a 
whole. 'They then interact with one another in a dynamic 
decision-making environment in v.^hicji they collectively . have 
control over the local water quality decisions that v;ili be 
made, implemented, and reacted to. Some of the model play- 
ers may have apparently only marginal interests in the* local 
water quality issues because they are pro-.occupied v;ith 
running schools, building roads, earning incomes, produci 
manufactured goods, building housing, and supplying local 
goods and services. Others will have maybe' more interest 
as they attempt to be elected into public office, run the 
planning departmexit, collect taxefe, recreate, and develop a 
generally pleasant environment for their nev; residential 
subdivisions. Still others might iiave a direct and pressing 
interest in the local v;ater quantity and quality as they 
attempt to set and enforce water quality standards, supply 
municipal v;ater, use surface water in their production 
process, and benefit from major water-based recreation areas. 

In short, the entire local system is , represented by 
the model and its users, and v;ater decisions * are placed 
within their realistic context of ^having different importance 
to different individuals as a function of their occupation, 
location, resources, and personal inclinations* 

B . The Three Sectors 

The model contains three basic decision-maicing sectors: 
economic, social and public. (Figure 1) Evei^y city or reaion 
contains these three vital, sectors v;hose interactions cause 
the area to function and to either grow and prosper or stagnate* 
and decay. Decisions made by one group ultimately affect others 
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and one group often works against another group to 
achieve its goals. For example, proposed comrr.ercia.l 
developments by an economic group in a predominantly 
residential area can be bloched by residents of that 
area just as proposed changes'by the government depart- 
ments can be opposed by those participants in the economic # 
or social sector. 



The Eco n omi c Sec tor • 

Economic decision-makers are those businessmen who 
operate industrial, comJiierciaJ , residential and farm es- 
tablishment's. Upon receiving output at the beginning of 
the round^ economic decision-ixiahers reviev; their econontic 
status and make decisions for the present round. The 
various economic activities in -the model have the following 
characteristics : 

Basic Industry 

Heavy Industry, Light Industry and National Services 
spend money for business goods and business services, utilitie 
a labor force, transportation, arid taxes. In order to/ 
produce basic industry output v/hich is then sold to the 
national markets at prices determined by national business 
conditions (the computer) , owners of basic industries cari^ 
make a wide variety of decisions. These decisions include 
purchasing land,^ changing salaries or maintenance levels, 
boycotting business goods and business services establish- 
ments, acquiring laons, building new busiTiesses, upgrading 
existing businesses, demolishing old ones, and treating 
effluents that are dumped into the local v;ater system. 

The' basic industry of the economy can be further sub*^ 
divided into the following categories: 

HI - Heavy Industry 

FL - Furniture and lumber 

SG - St®ne, clay and glass 

MP - Primary metals 

MF - Fabricated metc^ls 

NL - Non-electrical machinery 

EL - Electrical machinery 

TE - Transportation equipment 



LI - Light Industry 
FO - Pood 

TL - Textile, apparel and leather 
Vk - Paper 

CR - Chemicals, plastics, and rubber . 
NS National Services 
Conunercial Establishments- 
Business goods (13G) and business services (BS) , per- 
sonal goods (PG) and personal services (PS) spend money 
on many of the same items as basic industry, in order to 
maintain a level of service capacity.. This service capacity 
is consumed or partially consumed by local customers v;hich 
include: the industrial sector, other commercjal estab- 
lishments and the population units (Pi's,) who live in the 
city. Ovmers of the commercial establishments may maKe 
most of the decisions that owners of basic industries make 
in addition to setting prices for their products,. 

Residences 

Single-family (RA) , tovmhouse (RB) , and high-rise (RC) 
residence units spend money on personal goods and personal 
services, utilities, and taxefe , and earn income based on. 
rent charged and the number and type of occupants residing 
in their housing units. Owners of residences may make the 
same types of decisions made by ov/ners of basic indrstry 
in addition to setting the rent paid by their tenants. 

Farms 

Farm owners make very few decisions aside from how 
their land will be utilized and what level of fertilizer 
use they v;ill 'employ . 

2. The Social S e ctor 

Decision-makers in the social sector represent the 
citizens who live ?nd v;ork in the simulated area* People, 
are represented in terms of population units (Pi's). Each 
population unit represents fixed numbers of people (500) . 
Population units are divided into three socio-economic 
groups: high income (PII) , middle-income (PM) and low- 
income (PL) . Because each class possesses its ov;n ex- 
pectations and behavioral patterns, each will have different 
^references for resider.ce, job, and schooling, etc. Social 
decisicn-^makers can veto on behalf of the P3's v;hich they 
represent. Voting power is dependent upon the nujnber of 



population units controlled^ the number of registered voters 
in each, and their socio-economic class*. Social decision-- 
makerS' can also direct the population units unde?: their con- 
trol to boycott places of employment * or shop locations* 
Sbcial decision-makers can also allocate leisure time of 
their population units to ^be spent in any "bf four^basic 
activities: extra work, adult education (public or ^.private) , 
politics, and recreation* The amount jof time spent oh ekch 
of these activities has an ef f ec t/on^.the s ocio-^ponomi.c ^ 
status and/or the dissatisfaction indelT^f p^epple living 
within the city* . 

A significant part of the mddelt centers ^ar6\ind 
Pi's function within 'the local ay§tem during the .course 
of each round of play which represents*^ one year of time in 
the local^r'ea* Figure 2 shov;s .the acti6ns of PI 's; as they^ 
are affected- by the major operating programs-. • 



_ 3. The Public ;Sector 

In the mod,el^ the government sector deals v/ith th,e 
problems of education, highways, municibal services,,, ^ 1 
planning, zoring, utilities, water kuppiy and quality dn4 
bus and rail transportations The public sectd-r is divided 
into two basic components. The first component in'cl^ud# • 
elected officials: the Chairman' and the Council. These 
officials are elected by the social decision-makers repre- 
sencing the people>'ho live' in each jurisdiction. The 
Chairman and Council set tax rates, approve budgets, grant ' 
subsidies and appropriations, and make appointments. 
Appointed officials named by the Chairman^ are heads of these, 
six governmental departments: Assessment (AS), Schools (SO) > 
Municipal Services (MS), Highway (HY) , Planning and Zoning.. 
(PZ) , and Utilities (UT) . The Bus and Rapid Rail' Companies 
are semi-private organizations v/hich also may be appointed 
by the Chairman. Players representing these departments 
inake decisions which include allocating capital and current 
fund3/ changing salaries and maintenance levels, requesting 
federal-state aid, changing district boundaries, >cori- 
structing or demolishing public buildings, upgrading public 
buildings, changing levels of service, and transferring 
cash between accounts. 



Figure 2 



Example of How Population Units Are Affected by the 
Major Operating Frograins of the Model 



Major Operating 
Prograjus 



Effect on Eopulation Unit 



Migration 



Water System 



Pepreciciticn 



Emplcyrrient 



Transportation . 



School Allocation 



Park Allocation 



Time Ad location 



Commercial Allocation 



Pl'-s ,mova to the loc.al System fincJ 
and chcHic bousing.^v^itht^^ the Iccal' 
system,- ieaye the ioccfl, system , ^ ^ 

Poor A'/atSr qualxty ihcareses' a-is^ 
sati-s faction arxd high col-if cDrm count 
ificrfe4:ses^ he'ai^ cos^ts: ^aitc} ti#ve l;6s:t 
due tp' ilfe^^^ . ' \ 

4i6us;ihgv th?^^^ aepir^cia/t i^^ss 
attractive in tlte XuJicratioh \pr 

's are assigned tq^ full and part 
time jobs -that, max imi:^^^ not- income 
Csalary mi^nus -transportatjo^^^^ 
employers search, $gt bes^t. educated'^ 
workers . - \ 

Pl';s travel :to w6.rk by the .mpd^ and 
route thai' minim^^ total costs 
idoliar^ pi 'felm|r|,>^ 'P'i'*;s^^:trave tp 
shopping- along ±hd mihim^^ dos'i xputes 

Students of "PT's ,a;re assigned, to 
public or pMvate schc6is^ 
the quaHty« -of public schools. 



Pi's 
spec 



are assigned to' 'parks wivthin a^ 
ified- distance of v;here they live- 



Involuntary, expenditures of leisure 
time 
the 
jobs 

ti^ne spent ^ on transportation; 



.are calculated as a function of 
success of getting part tim.e 
, public adult educatich and the 



Pi's 

the 

plus 



are assigned 'to stores at which 
total cost*^ are minimized (price 
transportation to the store) . 



C. The Water Component 



The water component is asubsector that, in' a sense 
cuts across the other three sectors or is a part of each 
For exair,ple, sorae of the industrial activities in the econo- 
mic sector use s.urf ace , water in their production process ' 
and a 1.1^ other economic businesses have sd.nie ^need for munici- 
pally supplied water. Population units in the social sector 
use water as a function of their incon;e class and the type - 
Qf housing they inhabit. In the government sector, th- 
Ucii^.ty Department is responsible for supplying the municipal 
water needs of the residents of its, jurisdiction. ' ' .. . 

iach of the surface water" users requires a SDecj^led'. 
quality of water and must eTthor treat the Avater they intake- 
or purchase water from a source pu.tside of the 'local .system. 
Every water user adds some pollutants to the water it ' 
returns tj^ the water system.. If left untreated, tlvese water 
discharges may lower the quality of water. o'f fhe body of 
water rnt6 which t'hey are dumped.' Sinpe water users and 
polluters jare located in .a geographical space, acitivities 
upstream ^nd aovmstream are, affected differently by the 
dynamically created water quality , conditions. 

^' "^W- Local Systoni 



■■The particular regional configuration beina used is 
repre-sented on a grid map consisting of 625 squares. Each 
square IS of equal size and represents 6.25 square -miles , 
2.5 miles on a side. The grid and all of the domputer maps 
are keyed to a coordinate system. Each parcel can be 
Identified by its coordinates.- Horizontal coordinates 
range from 70 to 118 and vertical coordinates from 12 to 60 
Intersections are identified by the odd-numbered coordinates 
and highways are identified by even-odd (east-west) or -odd- 
even- (north-south) coordinates. In all cases, the 
horizontal coordinate (i.e., the larger riusnber) is identi- 
fied, first. 

For example, on the map in Figure 3 the shaded 
parcel is identified as 7014. Further, the four mile 
highway indicated by ZZZ is identified as 7217, 7417, 7617 
IBll , while the tv/o mile highway indicated by XXX is 
Identified as 7318, 7320. The intersection marked by 0 
IS located at 7317. ^ 
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E The Unit o f 'Jime ~ _A_Pnnnri 

In the model, a round represents a year of change in 
the life of the simulated area. From the standpoint of the 
participants, however, a round may be thought of as a 
decision-making cycle v;hich starts when they receive their 
com.puter output and ends v;hen they hand in their decision 
Input forms for processing by the computer. 

During the early part of the typical rotund, decision- ' 
makers will be simultaneously reviewing their computer outr- 
put and attempting to organize, their possible actions. 
Economic decision-makers, lor exaiopie, will probably attempt 
to acquire percois of land tha.t look, good for, future devel- 
opment purpor?iS. They may attempt to secure loans from_ 
local or outside sources, apply for zoning^ changes request 
utility expansions;, and lobby for increased hichv/ay access. 
At the Scime time, social decision-makers rdlght be bargaining 
for ^higher wages, requesting improvements in 'local schools 
and municipal services, lobby for higher water quality in 
the local river, and trying to promote those politicians 
who see things their v;ay. 

Meanwhile, the governmental decision-makers may be 
receiving requests from the economic and social decir^ion- 
makers to lower taxes, improve schools, provide better 
municipal services, expand highv/ays, build additional 
utilities, enlarge the park system,- and improve other 
services. Budget officials are faced with the task of 
finding additional revenue to meet expanding public needs 
and dividing appropriations among, the many local depart- 
ments, all of which have attempted to justify their ex- 
panding budgets. Alsp. the government office concerned 
with water quality might be pressuring the polluting indus- 
tries to treat theii wastes or face regulatory action i All 
water users might be concerned with water quality and quan- 
tity in so far as it affects their cost of using water and 
doing business. 
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Toward the middle of the round, it becomes clear to 
many decision^-makors that all of their requests will not 
be granted. Thus, trade-offs and bargains must be Tuade. 
Elected officials will begin to v;orry about staying in 
.office. Departments must often plan to ope-rate v;ith less 

funds than they had requested, low income represcntatiA^es 
'"''attempt to make their political power felt. High-income 
representatives attempt to maijitain their status. .Buoiness- 
men begin to look for short--cuts to reduce their losses and 
increase their activity and profit-making ventures. The 
water quality office/begins' to act upon its earlier^ threat. 

As the round approaches a* conclusion , the participants 
formal i^.e the bargains they have made, continue to fill out 
their decision form.s, te3:mihate the negotiatjibhs on ,new wage 
levels, hev; prices and new rents, car3:y on- theix: boycotts 
and complete any other possible actions. Kll wrter related 
decisions by the private and public decislon-maKers ate 
completed. Treatment plants,- are- built , industries shut ^.pv;n, 
fine levied, sampling stations constructed, etc* 

When the round ends, participants campaign and carry 
out new elections, hold tov;n meetings, debrief their actions, 
and develop new strategies while the computer performs 
its functions and prepares new output on the status of the 
simulated city. 

F • The Function of the Computer 

In the model, players are able to Jxercise a number of 
decision alternatives. Only some of these will be com- 
municated to the computer, the rest will be part of the con- 
stant communication, bargaining and negotiating carried 
out in the game-room itself. 

The computer performs several major functions in the 
model. 

First, it stores all the relevant economic, social 
and governmental statistics for the area; updates data 
when changes are made; and prihcs out yearly reports on the 
status of the local system and reports for the economic, 
social, and government decision-makers. 

Second, the computer simulates tl actions of the out- 
side system. For example, the computer simulates both a 
national business cycle, the probabilities of federal-state 
aid and interest rates on most loans. 



Third, the computer performs certain routine functions 
or processes that would be time-consaming if the players 
themselves were to perforin them. For example , the computer 
assigns workers from population units to jobs under th^ 
^fnot^oJ-M ^^^J,"°^^<=^s ^'ill attempt to earn as much money 
as possible. Other processes include assessing all property, 
assigning buyers of goods and services to shoo at parti?ull?- 
o?lv?^^'^', ^^^^^^-i-^J^-^J^nts, assigning children' to pSbLc or 
pSuc sn?oS?o^ ^^^'^ upon the capacity and quality of the 
rJlli -"^^^ools, ana assigning population units to, residences 
;K S^'-'' desirability. The computer also simulates 

the migration process-which moves population units into, 
?n fnd^^'ithm the local system. It also measures 

Svoi-S^ pollution at all points along, the river 

system and calculates a comprehensive water qua3ity index ■ — 
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II. COMPUTER PRINTED OUTPUT DESCRIPTION 



A. Introduction 

The printed computer output provides a yearly 
report of the status of the. simulated region and of inter- 
actions within the region during the previous year. There 
are several types of output: maps showing characteristics 
of the region which differ geographically; summaries v;hich 
present information in capsulated form; and detailed . 
information from which the sunmtaries are derived. 

The figure on the next page shov;s the titles 
of the output sections in the order in which they are ^ 
printed; That sequence follbv:s neither the logical order 
of computer program operations nor the usual sequence In 
which a user examines the output. The code, number beside 
the title of each section of outp.ut listed in this figure 
is the c od e number use d in all examples of output inc luded 
in this manual . The output is explained in this section 
in order of raost general to most detailed information. 
Output is explained in the following order: 

- maps 

- summary information 

- 'general information of relevance to 
all three sectors 

- social sector detail 

- economic sector detail 

- government sector detail 

There are a iew standard features of all printed 
output sections. Each has a title which is a short 
descriptipn of the type of information given by the section 
of output. Each also contains both the round number and 
the game heading (the name of the data base being used or 
some other heading input by the director) . Where relevant/^ 
a jurisdiction number is also printed. 

After a few rounds* experience with the model, a 
model user usually needs only the printed computer output 
from a found and the Master Tables and input formats con- 
tained in this manual in order to play subsequent rounds. 
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Map Output 



The model output includes several maps which visually 
represent characteristics of the simulated region which 
differ by location. The entire simiilated region is repre- 
sented on a single, tv;o-page computer map. A map key is 
printed at the bottom of each page. Map symbols* appear on 
a map in the three types of locations which can be specified 
in the model: parcels (squares), parcel edges (lines sep- 
arating squares),, and intersections of lines (parcel corners) 
Land uses and other characteristics of parcels are repre- 
sented within the squares. Divisions betv;een parcels such 
as roads or jurisdiction boundaries are represented ,be- 
tween^arcels , and activities such as terminals are repre- 
sented at parcel corners. 

The Wap Titles and a brief description of their con- 
tents are given below, in the order in which they will be 
discussed. All. information is located spatially. 

Economic St atus Map ; economic owners/- economic activ- 
ities and operating levels, zoning, levels of utilities 
installed, amounts of undeveloped land', road types^, ter- 
minal levels, jurisdiction boundaries". 

Government Sta tus Map i school le^/els, parks, m\^nicipal 
service levels, utility plant levels, road types, terminal 
levels, jurisdiction boundaries. 

Socio-Economi^ ^ Distribution Map ; residence types and 
levels, number of Pi's of each class, road ^types^ terminal 
levels / jurisdiction boundaries. 

Demographic Map ; populations, residential quality in- 
dexes ^ business value ratios, percent occupancy, road 
types, terminal levels, jurisdiction boundaries.. 

Personal Goods Allocation Map ; PG shopping location 
for each class and residence, PG location. 

Personal Services Allocation Map: PS shopping loca- 
tion for each class and residence / PS location. 

Business Conimercial Map : BG and BS shopping location 
for each business, BG and BS locations. 

Utility Map ; utility units served, utility units 
installed, utility plants, utility district boundaries, 
jurisdiction boundaries. 



IS 



S urface Water Map : volumes of surface water, rates of 
flow, land area in water, directions of surface water flow, 
lakes. 

M unicipal Treatment P lant Ma p; municipai water intake 
treatment plants and levels, municipal sewage treatment 
plant types and levels, utility plant locations artd cc5de 
numbers, direction^ of surface water flow, utility district 
boundaries , lakes . 



M unicipal Inf l ow and Outflow Point Map : Municipal 
surface water intake points, municipal sewage outflow 
points,- utility districts served by each, surface water . 
qualities, directions of surface water flow, utility dis- 
trict boundaries, lakes-. 



Wa ter Quality Map ; economic activities and 'operating 
levels, surface water qualities, directions of surface 
water flow, lakes. 

Economic Sec t or Water Usage Map ; econom^ic activities 
and operating levels, amounts of recycling, business ef- 
fluent treatment types and levels) utility district boundaries , 
jurisdiction boundaries. 

Municipal Services Map : economic activities and oper- 
ating levels, municipal service units required, municipal 
services and their use indexes, municipal service district 
boundaries , jurisdiction boundaries . 

' School Map ; numbers of public school students, num- 
bers of private school students, schools and their use 
indexes, school district boundaries, jurisdiction boundaries. 

Hig hway Ma p: economic activities and operating levels, 
road types, terminal levels. 

Planning and Zoning Ma p; zoning, park, public insti- 
tutional land uses, road types, terminal levels, jurisdiction 
boundaries . 

Parkland Usage Map ; parks, populations served by park, 
park use indexes, road types, terminal levels, jurisdiction 
boundaries. 

Market Value M ap; market values of all non-farm land, 
privately owned buildings, and privately owned land and 
buildings, road types, terminal levels, jurisdiction boundaries. 
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A ssessed Value Map ; assessed values of non-farm pri- 
vately owned land and buildings, road types, terminal 
levels , jurisdiction boundaries • 

Farm Assessed and Market Value Map : assessed and mar- 
ket values of farms, amount of land in farms, road types, 
terminal levels, jurisdiction boundaries, lakes. 

Farm -Map ; farm owners, amount of land in farms, farm 
types, levels of fertilization, road types, tenninal levels 
jurisdiction boundaries. 

Farm Runoff Map : where runoff from farms flows, di- 
rection of surface water flov;, lakes. 

River Ba sin. Flood Pla i n Map : river basins, dam 
priorities, flood susceptibility of each parcel, direction 
of surface water flow /lakes, jurisdiction boundciries. 

Topographical Restrict ion jlap: topograpJiically unde- 
velopable land, road types, terminal levels, jurisdiction 
boundaries . 

S ocial Decision-Maker Map; social decision-maker con- 
trolling each class living dh each residence parcel, road 
types, terminal levels, jurisdiction boundaries. 
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Economic Status Map 



This map shows the economic sector owners of all privately 
owned non-farm parcels and the economic activity, if any, on 
each parcel. A parcel can have only one economic owner and 
one economic activity. Ov/ners of farm parcels are shov;n on 
the Farm Map. The types of economic activities represented 
in the model are listed in the Master Tables. 

The economic owner of a parcel ov;ns all of the land 
and developments on the parcel which do not belong to the 
government or v;hich are not topographically undevelopable. 
If the economic owner sells land to another economic de- 
cision-maker, he must sell all of the privatoly-ovmed 
land and buildings on the parcel to the new owner. An 
economic decision-maker can sell any portion of unde^^eloped 
land on a parcel to a government department. 

The Planning and Zoning Department may zone parcels. 
Zoning is a restriction on economic development. vOnce a 
parcel is assigned a particular zoning code, all new economic 
development oh the parcel must conform to the new zoning. 
If a ,parcel is unzoned, there is no restriction on v;hat 
type of activity may be constructed on it. The Economic 
Status Map key defines what private land uses are allowed 
unrler, each zoning code. 

When a new economic development is constructed on a 
parcel, it must not only conform to the parcel's zoning; 
it must have sufficient utility service. Utilities are , 
installed by the Utility Department in "levels" (1-9). 
Each level of economic activity requires a certain number 
of utility units, and each level of utility service supolies 
a fixed number of utility units to a parcel. 

If an economic decision-maker has insufficient utility 
service for a proposed development, the Utility Department 
must install adequate utility service before the new devel- 
opment can be constructed.* 



*There are two exceptions to the utility restriction 
on development: 1) RA housing can be built with "private 
utilities", which do not require utilities supplied by the 
Utility Department; 2) the director can override the utility 
restriction on individual developments. ' 
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Economic developments also require land. Each activity, 
depending on its type, requires a certain amount land 
for each constructed level of development. Regaroxess of 
the operating level of an .activity, the land consumed is 
that of the constructed level, which is always greater than 
-or equal to the operating level. The amount of privately- 
owned land which ,is not in developments, is classified, on 
this map as undevelo|)ed ; . If a parcel shows \n6 undeveloped 
land, no further economic development can occur there uh- - 
less the owner either acquires more land from a* government 
department ovming a porti6n\6f the/parcel ^pr demolishes 
existing economic developments. An^ ecphomic decision- - 
maker can acquire land' by purchasing; a parcel ;frpm another 
economic decision~maker-or by bidding .on land w 
owned by the Outside. . ^ ' ^ 

^ The o perating level of an economic activity is shown 
on the Economic Status Map. For most purposes, k busi- 
ness* operating level is the only level considered by the 
computer programs. However I a business pays property 
taxes and maintenance for its constructed- level.. 
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Government Status Map 



Whereas there can be only one economic ovmer per parcel, 
any combination of government departments can own developed 
and undeveloped land on. a parcel. The government depart- 
ments which can own land, and ^the types of developments each 
can construct on a parcel are: * . . 



Deparlfment 
Utility Department 



school Department 
Municipal S'ervice 

Department 
Planning and Zoning 

Department 
Highway Department 



Development Type 
Utility Plant 

Water Intake Treatment Plant 
Sewage Outflov/ Treatment Plant 

Chlprinatipn^ 

Primary Treatment 

Secondary Treatment 

T(^rtiary Treatment 
School Unit 

Municipal Service .Unit 
PaVkland 

Public Institutional Land 

Road* 

Terminal* 



i\ goverjarient deB§5^;eri^. s§n ggll undeveloped land 
vfhieh' it^QWns to either gngtHer ggivsr-nment department or 
tQ the eepnQitiie deoisietnnrmaheif gwning the privately--ov;ned 
portion, of a parcel. 

The government status map shows the locations of some 
of the types of. government activities: schools, parks,, 
utility plants, and municipal service units. 



*A road requires land from the parcels on each side, 
and a terminal requires land from the four parcels touching 
the intersection at which it is located. 
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Socio-Economic Distribution Map 

This map shows the number of Pi's of each class living 
on each residence parcel. The residence type and level are 
also printed. 

The migration process allocates people to housing. 
Only two classes can live on a residence parcel simul- 
taneously, due in part to the model ' s restriction that a 
PH will not move into ,a residence with a quality index 
below '71 and a PL will not move into housing with a quality 
index above 70. It is possible, if a residence depreciates* 
below the minimum that a class will accept, that high- 
income, for example, will live in a residence with a quality 
index below 71 if the class was living on the parcel befbre 
the depreciation. In no case, however, caii PH's reside on 
the same parcel with PL's. 

Each level of a residence type provides ,a fixed num- 
ber of space units. A PI occupies a fixed* number of 
space units, depending, on its class. .The percent occu- 
pancy of each residence is Shown on the Demographic Map. 
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Demographic Map 



The ^demographic map shov/s the number of people living 
on each residence parcel, the percent occupancy of each 
residerce aj\d the quality of all privately owned buildings 
and equivilent. ■ 

Ovex';rowding (over 100% occupancy) contributes to a 
residence's neighborhood index and to the health index. 

The quality Is expressed as the quality index for a 
residence and as the value ratio for non-residential ac- 
tivities. A value ratio is the ratio of the present con- 
dition of a business' buildings and equipment to their 
original condition, expressed as a percent. 

A quality index is somewhat different, Whereas a 
nev7 business has a value ratio of 100, a new residence 
can have a quality index from 4 0 to 100. 

Each year buildings and equipment depreciate in re- 
sponse to several conditions which vary by type of activity 
(see the Master Tables for the' ;causes of depreciation) . 
A businesses depreciation is measured as a percent of 
original value (100). <A residence's depreciation is 
measured as a percent of the original value of such a type 
of residence originally built at a quality index of 100, 
regardless of the original quality of the specific resi- 
dence. Thus, business depreciation is a percent of original 
value but residential depreciation is a percent oil quality 
index .100 . 

The owner of an activity can set a maintenance level 
for the activity. The maintenance level is the quality 
index or value ratio at which the owner will maintain 
the activity, regardless of how much it depreciates in a. 
year. Not until the activity's value ratio or quality 
index falls to its maintenance level does the owner incur 
maintenance expenditures. The computer program depreciates 
and maintains buildings and equipment and charges the 
owner for the maintenance cost. 

The Demographic Map shows quality indexes and value 
ratios after depreciation and after any maintenance. 
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Personal Goods Allocation Map 

This map identifies the location of Personal Goods esta- 
blishments and identifies the PG establishments that serve 
the customers from each parcel of land that has .residences 
on it. PG establishments are located on those parcels that 
^ are_encircled by asterisks. Their code number is also shov;n 
on the parcel where they are located. 

It is possible to have up to three distinct customers 
on a parcel of residential land: population units from two 
classes and the residence landlord. No more than two classes 
of population may live on a single residential parcel. All 
population units purchase personal goods as part of their 
annual expenditures:" All Pi's of a class on a parcel purchase 
their personal goods at a single PG establishment. Landlords 
purchase personal goods only if they make maintenance expen- 
ditures. Buyers are assigned to specific commercial activities 
taking into account the price charged, transportation costs 
to the store, the capacity of the store, and boycotts. 

The four .letter codes used within a parcel on the map 
are: L = low income, M = middle income, H = high income, and 
R = residence. One or two of the first three codes prints if 
population units live on the parcel. If no one occupies the 
housing, no income class code is printed.. The number after 
the letter code is the PG establishment code, the outside 
Local system PG suppliers are identified sequentially as 
determined by their location. Establishment3_.l.ocated ^on- 
parcels as one reads the map from top to bottom and from 
left to right have the lowest code numbers. The identifica- 
tion number assigned to a particular PG establishment might 
change from round to round if new PG*s are being constructed 
at locations that are scanned prior to the parcel on which 
that particular PG is located. 

The buyer code "R" will print on every parcel that has 
a residence. If the landlord makes maintenance expenditures 
then the R is followed by a PG establishment code. No code 
after the R indicates that no maintenance is being performed 
on that residence parcel. 
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Personal Services Allocation Map 

This map identifies the location of Personal Services 
establishments and PS establishment that serves the cus-- 
tomers from each parcel of land that hoo residences on it. 
PS establishments are located on those parcels that are en- 
circled by asterisks. Their code number is als,o shov/n on 
the parcel where they are locatedT 

It is possible to have up to three distinct customers 
on a parcel of residential land: population units from tv;o 
classes and the residence landlord. No more than tv70 
classes of population may live on a single residential 
parcel. All population units purchase personal services as 
part of their annual expenditures. All' Pi's of a class on 
a parcel purchase their personal services at a single PS 
establishment. Landlords purchase personal services only 
if they mal;e maintenance expenditures. Buyers are assigned 
to specific commercial activities taking into account price 
charged, transpor.tation costs *to the store, capacity of the 
store, and boycotts. 

The four letter cpdes used v;ithin a parcel on the map 
are L = lov7 income, M = middle income, H = high income, and 
R = residence. One or two of the first three codes prints if 
population units live on the parcel. If no one occupies the 
housing, no income class code is printed. The number after 
the letter code is the PS establishment code. The outside 
system suppliers are identified by the number code "1". 
Local system PS suppliers are identified sequentially as 
determined by their location. Establishments located on 
parcels as one reads the map from top to bottom and from 
left to right have the lowest code numbers. The identifi- 
cation number assigned to a particular PS establishment 
might change from round to round if ncv; PS's are being con- 
structed at locations that are scanned prior to the parcel 
on which *that particular PS is located. 

The buyer code "R" will print on every parcel that has 
a residence. If the landlord makes maintenance expenditures 
then the R is follov;ed by a PS establishment code. No code 
after the R indicates that no maintenance is being performed, 
on that residence parcel. 
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Business Commercial Map 

This map identifies the location of BG and BS estab- 
lisliments and indicates the establishment code number for 
BG and BS establishments serving economic activities. 

BG and BS establishments are located on those parcels 
that are encircled by asterisks and their identification 
number is shown. The outside system suppliers are always 
assigned the establishment code of "1". Local suppliers 
are then assigned numbers by starting at the ton of the 
board and reading from left to right. 

Local economic activities (industries and PG and PS 
commercial establishments) purchase BG and BS as part of 
their annual operation requirements. Buyers are assigned 
to a single specific supplier taking into account prices ' 
charged, transportation costs to the commercial establish- 
ments, capacity of the establisliments , and boycotts.. 

The parcels on which buyers of BG and BS are located 
show the two letter code for the business activity and the 
number code of the BG establishment serving it (second line 
and the number code of the BS establisliment servinq it 
(third line) . 
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utility Map 



This map designates th ^ jurisdictional boundaries 
(000) and the district boundaries (>:>:x) for all utility 
plants v:ithin each jurisdiction. Utility districts are 
groups of contiguous parcels that are within the service' 
area of a utility plant. There may be parcels of land 
that are not contained within a utility district. 

The information contained on a land parcel shoves 
the number of utility units required by utility users, 
the number of utility units installed on the parcel, and 
the number of the utility district serving the parcel. 

Utility plant locations are indicated on the Utility * 
Map with asterisks surrounding the parcels on v;hich the 
plants are located. Each utility district is identified 
with a unique utility number (starting with "1" and 
ending v;ith "n", where "n" is the number of utility dis- 
tricts). The bottom piece of information on each parcel 
indicates the number of the utility plant serving that 
parcel. 

The number of utility unif consumed on a -parcel is 
dependent upon the private land use activity.- The map 
key shows the number of utility units demanded by a level 
one of each of the private land use activities. 

The number of units installed on a parcel is a policy 
decision made by the Utility Department. The Utility 
Department provides one of nine levels of ut-i lity service 
to a, parcel. Each level of utility service has a corres- 
ponding number of utility units that may be provided. 
Consult the Utility Master' Table for the maximum number 
of utility units that may be provided for each level of 
utility service. 

A parcel of land that is within a utility district 
may not be developed if the private development would 
require more units of utility service than' could be pro- 
vided by the present level of utility service provided 
to that pcrcei. Thus, the "UNITS INSTALLED" puts an 
upper limit on the "UNITS SFRVED" for all parcels within 
utility districts. 



33 



r xLjuxe 



TiACttV 



TO Tl T4 T4 ?• «0 «2 t4 M »0 W *>4 44 109 102 104 }0& lOH 110 112 ll4 114 HI 

;»« I II I II I 111 iii??????-?22 7,I" 
II • • • • i! 

14 ! • . ' - ■ * « 

« « « « I I ! 2 2 2 2 2 2 2 7 2 7 2 J 



■ 

16 ■ 



*30 e 14 



•* « « « « « I I l-l l-l li? 7 7 7 7 7 7 7 7 : t 7 n 

a 

*• • • • 600 % I* 

• * * » S » 2 2, 2 2 7 7 -7 2 n 

« ******** " "J 

• . 1003 400 ft >o 
•* « « « « « II I I I I l«2 2 22 22 2 2 22 22« 

„ I . • «• 4 8 14 • 

22 9 100 100 100 100 I OCA 400 100 100 ^ « » » 

•» « « « « « I I I I I I l«2 2 7 7 * 7 7 7 2 2 -2, 2 2t 

• •••«•« 

■ • 4'« 52 7« >4 16 « 

2*' ■ 1 too 100 too • |0C» 100 200 100 100 ^ II 74 

■» » » » I* I I I I 1 I 1*102 2 2 2 2 2 2 2 2 2 2 211 

•••••« • • • , * • • • • • # • s 

, * 12 12 17 ^2 12 ■ « * 

'* ■ ■ 100 too 100 |00r7500 * 100 100' . 100 « 7* 

•« » » » I I I I I I I 1^^11 2 2 2 2 2 2 2 2 2*2 2 2» 

«•♦•••••••• • H • • • • • • • S 

• . »^ ^O**-"' 16 • . R 

2* " « 100 100 too 200 lOOX. 200 100 100 100 If 100 100 ft 74 

• « » « « « . « « I I I I I I I » 2 2,, 2 2 ^2 2 2 2 2 .2 2 2 t 

--Tak— - ntjRji Hr« » x 

• ' . 14 74 IIT IJ4 • 300 U2 * « 4 t 
»0 • 100 100 100 400 300 200* • MO 200 lOO ' 103 100 I'JO' 200 209 R 

• * « « » » » I I I I I I • 2 • 7 :7 2 2 2 2 7 2 2 2 2 2*^ft 

«••••• xxxxxx • 

• 24 24 (I 7t lU-t >C0 TOOX Tlx ^2 12 » * tt 
12 C 100 loo loo 100 700 lO 700X lOOX 100 '100 ICO 100 200 700 « 17 

» » » * I I I I I I l»2 2X5X2.2 2 2' 2 2* 2 2 2 2« 
•^•••••••^•••»» XXXIXX 

■ 14 12 74 791 IIT 117 ft 

)^ • 100 too 200 >OCC 2C0 300 tOO tOO II }4 

Jl^l^l^l^l^l^l^ l I t t 19 7 2 7 2 7 2.2 *2 2 2 2 2*2* 

• 20 P» 76 52 57 • " 

• too toon 200 200 2S0 200 t ^4 
•« « I I I I I I I t 1112 22f < 4 c 4 4 € i 1 I : = 

■ <• 4 t2 16, t2 K 

31 • • ' too* too too too too * * ■ " ' « 3^- 

»»«««lllllllt2 222222a2>22 22« 

„: : 

■ » 100 100 • 4A 

I 4 • 2 2 2 2 2 2 2 2 2 2 2 2 2 2 t 

5 ^ . ; J„ 

.! * . * ♦ *1 ' ' ' » » » » ' 27- 7 2 2 « ' 

44 : . . - - ; ' « 

» *: ' ' ' » » » » » » > » 2 2 2!.** 



a 



44 II p 

:** * * * » »*« « « ««2 2 2 222 2 2 2 2 2 2 2 7 1 

; J 

* • » » » » « « » » I I I ! 2 2 2 2 2 2 2 2 2 2 2 2 2 2?** 

50 : : • ^ 

» « « « « » • 2 2 2 2 2 2 2 2 2 2 2 7 7 2 n 

52 I , . - - . ^ 

:•.•.•.•.•.«.«.•.••.•.•-.•:'.' a. a » » » » , ,.r' 



54 « 



I • 2 . 2 2 2 2 2 2 2 2 .2 T 2 S 

s : • 



* * * * * ' * » » » 2 » 2 2 2 2 7 7 n 

•• •e 

5t • • * 

« « « I I I ! 2 2 2 2 2 2 2 2 2 2 2 2 2 7 V 
•••♦♦•♦•♦♦••••♦••♦♦♦♦♦♦♦♦» 
" * - K 

• • • ft 

*>llll llllllll722722222'7277X 
10 17 74 76 T4 CO |2 |4 t4 M tO U U n «• • 100 102 104 106 10» llO 112 114 116 It* 

KlOtlf ftCWt WMITS tliSIHlCO 00 JORISOICI ICN fOUMOMV Nit 40? AZl |J7 

»')Ttm AOrfs urtiuv coof tr ur on mrcci sk ncm m n 

• • Ut 01 »4*Cft Tft *"it <«» 

, . •rsiojNCfs 
34 ■*i * cn»um»cit)'» 

«ei cii NONf 

fCl IIT 



Surface Water Map 



The Surface Water Map displays those characteristics 
of a surface v;ater system which do not chang.e dynamically 
during a particular ' run of the model. ■ For each parcel 
on v/hich there, is surface v;ater, the map shows the volvime. 
of water, its rate of flow, and the percent of the surface 
area of the parcel which i;; water. 

The volume' of water, on" a parcel is measured ii. mil- 
lions of gallons per day (.MGD) passing any one point on 
the parcel. The volun^a of -water on a parcel' affects both 
the v/ater quality on a parcel and the amount- of water' 
, which can , be removed from- the surface water on that par- 
cel "for municipal and industrial use. ■ • 



. The rate of flow ^f v/ater on a parcel is measured 
in the number of parcels which v/ater flowina alT-that 
rate woiild cross in one- day. Water bodies undergo £ 
natural cleansing process.' .The slov/er a river flows', the 
less distance some tyoes of pollutants travel before they' 
are naturally removed "^from the_river. 



^ The amount of surface area- occupied by water has one 
effect .in the modslj .it preempts a oortion- of the parcel 
from use in other activities. 



' The map also displaiys the direction -of the river's 
flow. The arrows between parcels point in the direction 
that the water flows. Water flows from parcel to parcel-; 
traveling within parcels. If a parcel has a volume of 
water but no arrows pointing away from it, it either is 
the last parcel through which a river flows or has a 
self-contained surface water system which does not dyna- 
mically interact with the other surface water system 
parcels. 

A parcel which is displayed as all dots is entirely 
water, usually a very large bodv of water into which a 
river flows, such as a large lake or ocean. The water on 
such a parcel does not interact with the surface water 
represented in the model; its quality is affected by 
activities in an area much greater than- the simulated 
area. For convenience, such a water body is termed a 
lake in the model. _ 
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Municipal Treatitient Plant Map 

A Utility Department supplies water to* all economic" 
activities except some basic industries which obtain their 
own water from the surface water. Each utility district 
is also a water district. A parcel is supplied with 
I. unicipal v/ater and sewer service when utilities are 
installed on the parcel. The department can decide v/here 
to intake water, where to- durap s'ev/age, how much intake " 
water it will provide, how much sfewage treatment it v/ill 
provide, and where treatment facilities v/ill be located. 

Municipal water intake and sewage treatment plants 
are located in the utility districts v/hich^ they serve. 
An intake treatment plant processes^ the surface water 
removed from the parcel on. which its intake point is 
located (not necessarily within the water. district which 
it serves>) . All water treated-by an intake treatment 
plant is processed to drinking v/ater quality. The quality 
of the water before it is treated varies "with the amount 
of pollution in the surface v;ater where the intake point 
is located. There are nine'v?ater quality ratings, 1 being 
the best quality and 9 being the worst. A parcel's water 
quality rating is based on the volume of water on ,the p^arLr.^ 
eel and the amount of pollution entering it from adjoin- 
ing parcels. 



VJater Quality Rating 



Description 



1 
2 
3 



5 
6 

7 

8 

•9 



Drinkable - best quality v/ater 
Drinkable - with minor treatment 
Swimmable - direct body contact 

possible 
Boating and Fishing - indirect 

body contact 
Fair esthetic value 
Poor esthetic value - treatable 

at moderate cost 
No esthetic value - treatable 

at high cost 
Negative esthetic value - 

treatable at very high cost 
Unusable water 



Seven types of pollutants are measured for the quality 
rating. 



Pollutants 



Description 



BOD 



Biochemical Oxygen Demand; the* 
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Pollutants 



Description 



Chlorides 

Nutrients 
Coliform Bacteria 

Temperature 



natural breakdov/n of this 
pollutant causes a decrease 
in the concentration of dissol- 
ved oxygen in the water; 

Chlorides are ejmployed as an 
indicator of persistent pollu- 
tants. 

Phosphate, nitrite, nitrate, 
nitrogen, .and phosphorous. 

Indication of the potential 
health hazard of a given body 
of water, , ^ ^ 

A measure of the deviation from 
the normal temperature of the ' 
surface water. 



Oil and Floa'ting Solids Any oil added to the system 

and all floating solids such 
as refuse , garbage , cans , 
boards, tires , etCi 

High-Level Wastes Highly toxic, non-degradable 

substances , 

The quality of water at a. district's intake point 
affects, among other things, the cost to process the water 
to drinking water quality. The water quality of a parcel 
is shown on the Water Quality Mapi That quality is not 
affected by any pollution dumped on the parcel, only by 
pollution dumped on upstream parcels. 

An inflow treatment plant, while able to make all 
but the worst (quality 9) water drinkable, has a capacity 
which is a function of its level. The amount of water 
which a district needs is a function of the needs of the 
activities located in the district, but the amount of 
water which a district can obtain may be limited by its 
inflow treatment plant capacity. Whenever a district 
cannot obtain all of its needed water for any reason, 
including insufficient inflow treatment plant capacity, 
the activities served by the district purchase that 
proportion of their v;ater needs which cannot be met 
locally from the Outside at a high cost. The cost to 
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construct an inflow treatment plant increases with the 
number of levels constructed. Unlike levels of other 
activities in the model, municipal treatment olant costs 
and capacities are not necessarily even multiples of level 
one costs and capacities. The land requirements, however, 
are multiples of level one. 

Municipal sewage treatment plants can be constructed 
not only to different levels (capacities) but also to 
different types of treatment. The types of sewage treat- 
ment are, in increasing order of pollution removal: 

Chlorination (CL) 
Primary Treatment (PT) 
Secondary Treatment (ST) 
Tertiary Treatment (TT) 

Tertiary treatment requires the three other types of 
treatment; secondary treatment requires chlorination and 
primary treatment. The level of treatment printed on the 
map is the level of the type printed and of all lesser 
types. There is no provision for the case of different 
levels of different types of treatment within a single 
district. 

Since treatment plants have fixed capacities which 
vary by their levels, any district's sewage in excess 
of its plant's capacity flows untreated into the surface 
water on the parcel on which the district's outflow point 
is located. 

Note that all of a district's intake treatment must 
be located on a single parcel. Likewise, all of its sew- 
age treatment must be on a single parcel, although that 
parcel does not have to be the same one as that on which 
its intake treatment plant is located. 

•UT' appears in the middle row of a parcel if there is 
a utility plant on the parcel. Next to the 'UT' is the 
code number of the utility plant. That number matches the 
number printed next to the district's intake and outflow 
points on the Municipal Inflow and Outflow Point Map. 
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Municipal Inflow and^ Outflow Point Map 

Unlike treatment plants, municipal intake and 
outflov; points do not have to be located within the dis- 
tricts which they serve. This map shows where each dis- 
trict's intake and outflow points are located* The 
code number next to the 'IN' or 'OU' on the map is the 
code number of the utility plant in the district which 
the point serves. 

Each district has one intake point and one outflow 
point. However, there can be more than one inflow and 
outflow point on a parcel. The map shows onjy one point, 
so if there is nore than one on a parcel, only the 
Utility Department Report will note the existence of 
all of the others. 
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Water Quality Map 



The s\irface v:ater quality on a parcel is a function 
of the pollution entering the parcel from adjoining par- 
cels and of the amount of v/ater on the parcel itself • 
The water quality on a parcel is not affected by any 
dumping activity on the parcel itself. Any activity v;hich 
iremoves v/ater from a parcel removes it at the quality 
shown on the Water Quality Map. 

Quality is the only characteristic of surface water 
which can change during a run of the model. The other 
characteristics (rate of flow, volume, and surface area) 
are constant. 

Water Sampling Stations can be set up to measure 
the exact pollution content of the v;ater flowing out of 
parcels. Sampling stations can also be established to 
measure the pollution content of v;ater generated by either 
individual economic activities or municipal systems. The 
operation of a sa^npling station is charged to the^ Utility 
Department of the jurisdiction in which the station is 
located. 

The figure on the next page illustrates the processes 
v;hich affect surface v;ater pollution. The pollution flow- 
ing into a parcel from adjoining parcels is mixed in the 
water on the parcel. The pollution concentration pev MGD 
is then measured and the water is rated in one of tVe nine 
water quality categories. The v;ater quality rating is 
the worst rating category generated in any sinale pollutant. 
The rating allows no trade-off between a pollutant which 
is present in very low concentration and one v;hich is very 
h igh ly con cen tr a ted. 

Next, water is removed if there are any intaking 
activities on the parcel. There are two types of intaking 
activities : 1) basic industries of the types which require 
surface water; and 2) municipal intake points. There can 
be only one economic activity on a parcel, and if it is 
a surface water user, it intakes and dumps on the parcel 
on which it is located, yiunicipal intctke water is sent 
to the municipal intake treatm.cnt plant and from there to 
activities served by the district. 

The surface water which is not removed undergoes a 
biological change process in which some of the pollutants 
decay naturally. That v;ater is mixed with any v/ater 
dumped on the parcel. There are three types of activitifis 
which can dump on a parcel. In addition to basic industries 
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and municipal outflow points, farm runoff can add to the 
pollution on a parcel. Whereas basic industries and muni- 
cipalities can treat their effluent and thus remove 
some or all of their pollution, farm pollution can be 
cut back only if the farm owner decreases the amount 
of fertilizer used on the farm. The total amount of 
polJution is then moved on to the next uarcel in the 
river. 

The water quality map shov.'s where rivers and econo- 
mic activities are located in addition to water quality. 
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Water Usage .Map 



Ba vc industries can treat their effluent in order 
to remove pollutants • An industry's effluent treatment 
plant is located on the san\e parcel as the industry and 
does not consume land. Like municipal effluc^nt treatment 
plants, industrial treatment plants can be of four types: 
chlorination (CD , primaa^y treatment (PT) , secondary 
treatr-.^ent (ST), and tertiary treatment (TT) • Industrial 
treatment plants can be constructed to any level and each 
treat-nent plant level has the capacity to treat all of 
the effluent of a level of the industry type which it is 
constructed to serve. The construction cost of a level 
of treatment plant varies by treatment type and type of 
industry. 

Industries can recycle up to half of their effluent. 
Recycled v;ater is not processed through an effluent treat- 
ment plant. Its treatment is a process distinct from 
industrial intake or outflow treatment and costs a fixed 
numlDer of dol'.ars per MG recycled. , So, a level two indus- 
try at a recycle level of 100% and having a level one 
effluent treatment plant treats all of the water v;hich 
it dumps. If the recycle level under these conditions 
were 50%, then the industry would treat only two-thirds of 
the amount v;hich it dumped and one third would oe dumped 
untreated. 

Unlike municipal v;ater intake treatment facilities, 
industrial intake treatment Is assumed to exist when the 
industry is constructed and it is assumed to have the 
capacity to treat all of the water required by the indus- 
try. Like municipal intake treatment costs, industrial 
intake treatment costs increase as v/ater quality worsens, 
and the worst v;ater (quality fO cannot be treated. The 
industry is. forced to pay a high cost for water/^'BTe^ost 
represented by the Outside price of water. FurtTtsfittQ^, 
intake water quality affects the depreciation of surface 
water users, a reflection of wear on treatment equipment. 

NOTE: Regardless of tne amount of recycling, intaKe water 
quality has tne same effect on industrial deprecia- 
tion. The volume treated does not matter. The 
assumption is that recycled water goes through in- 
take treatment, so no wear and tear on treatment 
equipment has been avoided. 
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Municipal S'ervices Map 

This map designates the jurisdictional boundaries 
(000) and the district boundaries (xxx) for all municipal 
service districts within each jurisdiction. Municipal 
service districts are groups of contiguous parcels that 
are within the service area of a municipal service (MS) 
plant. There may be parcelf^; of land that are not contained 
within a MS district. 

The information contained on a land jrarcel .shov7S' the 
private land use a.nd constructed^ level and the' number of 
MS units required by this private land use. The MS use 
index is shown on those parcels on which a MS plant is 
^located. The parcel locations of MS plants are also ' 
indicated by surrounding asCerisks i*^*). ^ ' 

Private land uses require the number of MS units 
indicated in the MS Master Tabled Each land use receives 
the number of units of .service it requires, but the quality 
ot the MS service is based upon the raj:io of units demanded 
within a district to the units that are available to the ' 
MS plant given its level, value ratio; an4 employment mix. 
Thi'S ratio is called the MS Use Index, and it^, ises 
above 100 the quality .of service declines.^ 

The MS Use- Index affects the neighborhood index 
(neighborhood dissatisfaction) v/hich in fcurn affects 
migration and housing ^selection; the Use Index also 
affects the rate at which private developments decline 
in value each round. 
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School Map 



This map designates jurisdictional boundaries (000) 
and school district boundaries (xxx) for all school dis- 
tricts' witliin each jurisdiction, A school district is 
a group of contiguous parcels that are within the service 
area of a ^school facility. Therefore, every school facil- 
ity (conceptualized as a collection of elementary and 
secondary education buildings) has an associated school 
district. There may be parcels of land that are not 
served by a public school district. School aged children 
on these parcels are forced to attend private schools.. 

The information contained on a parcel of occupied - 
residences shows the number of students attending the 
local public school (top line) and the number of students 
attending private schools (middle . line) , Both of these 
student figures are expressed in^ hundreds of students. 
The School Use Index is shov;n on those parcels on v/hich 
a school facility is located. The parcels on which school 
facilities are located are surrounded by asterisks (***), 

Students from high and middle income families v/ill 
attend the local public schools only, if a certain number 
of school quality ci:iteria are met. Consult the School 
Master Table for the specific criteria. 

The School Use Index is dependent upon the number 
of students attending the school district and the capacity 
'of the school district given the level "nd^value ratio of 
the ochool facility and the mix of teachers. As this 
index rises above 100 the quality of public school ser- 
vices declines. The School Use Index affects the neigh- 
borhood index (neighborhood dissatisfaction) which in 
turn affects migration and housing selection. 

School district boundaries may be altered by the 
School Department in an effort to improve the supply- 
demand balance, serve areas previously not served, and/or 
change the social class mix of the students attending 
the public schools. 
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Highway Map 



This map designates the location and level of roads 
and terminals. Roads may be built in the ro*adbeds which 
are located along the sides of the parcels of land. Roads 
may be built at one of three operating levels (1 through 3, 
with 3 being the largest capacity road) . Road locations 
are identified by a coordinate pair that consists of an 
even and an odd number. For example, 7011 is the east-west 
road at the upper left portion of the map and 6912 is the 
north-^south road at the upper left portion of the map. 
[Roads may not be built along the extreme right boundary 
(line 119) or along the extreme bottom boundary (line 61) 
of the map. ] 

r 

Terminals may be built at one of three service levels 
(v;ith level 3 being the largest capacity terminal) . Ter- 
minals are located at the intersections of roads* or road- 
beds. Business activities that use terminals are assigned 
to specific terminal locations taking into account accessi- 
bility and terminal capacity. 
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Planning and Zoning Map 



This map shows the zoning that is in effect on each 
parcel of land for which the local -jurisdiction has desig- 
nated a zoning code. New land uses must conform to the 
zoning classifications. Existing land uses are not forced 
to change as the result of new zoning classifications 
that are inconsistent. Parcels that have no zoning do not 
have any construction limitations placed upon thefm. The 
land uses allowed under each zoning classification are 
shown in the Economic Master Table and in the Planning and 
Zoning Master Table. 

The percent of each parcel devoted to parkland and 
public institutional land is also shown on the Planning 
and Zoning Map. Parkland is relatively undeveloped public, 
land that is operated by the Planning and' Zoning Department 
and serves the community in the foriri of football and base- 
ball fields, picnic areas, hiking trails, and wooded land. 
Public institutional land contains costly public recreation 
facilities such as museums, art galleries, libraries, and 
sports arenas. 

This map also shows the road network, terminals and 
jurisdictional boundaries. 
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Parkland Usage Map 

This map shows the location and amount of land devoted 
to parks. Each parcel containing parkland has a number 
that indicates the percent of the parcel in parks. A 
"park" is all the parkland on a single parcel regardless of 
tne percent of the parcel devoted to park use. Parkland 
from two parcels may not be combined into a single "park" • 

The local population using each park is the sc. 
piece of information contained on each parkland parcel. 
An index value of parkland use is the final piece of in- 
fonnation on each park parcel. 

The number of people living on a residence parcel is 

f ^ measure of the demand for .parkland by that parcel. This 

^ demand is supplied by parks within a 5 by 5 grid centered 

\ on that residence parcel. Each park within the grid is 

\ assigned a share of the residents on the residence parcel 

I that is proportional to the size of each park relative to 

^ the total parkland within the grid. Therefore, assignment 

to parks is performed from the point-of-view of the resi- 
le dence parcels. 

f Once all the residence demand has been allocated to 

\ parks (residences that have no parks within their 5 by 5 

\ grid are not allocated to parks) the park use index is cal- 
culated by dividing the people served" by 250 times the 

\ normalized percent of the parcel in parkland. The normal- 

; ized percent of the land in parkland is .derived by adding 

\ the percent in parkland and tv;o times the percent of the 

t land in public institutional use. 

\ ^ The park use index affects personal dissatisfaction 

f in such a v;ay that poor parks (those with use indices be- 

; tv/een 100 and 200) tend to diminish the positive effect 

\ that units of time spent in recreation has on the personal 

[ ' dissatisfaction index. The park index used by a residence 

f parcel in determining the effect of park service on dis- 

l satisfaction is the park with the highest use index within 

• the 5 by 5 grid area. A residence v;ith no park to serve 

V it is assumed to be served by a park with a use index of 

[ 200. 

I When a residence is served by a park with a park use 

I index of 100 or less, the number of units of leisure time 

I allocated by social classes on that parcel (TR = time in 

I recreation) are subtracted from the personal dissatisfaction 

I index. If the park index is greater than 100, the number 

I of units subtracted from the personal dissatisfaction index 
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IS equal to tne Park Use Index minus 100 (and expressed 

as a percent times TR. Thus, if the park Use Index is the 

worst possible (200) the effect of local park service on 

the personal dissatisfaction index is zero. Therefore 

park service quality has only a one-sided effect on personal 

faction but never add to it). 

-inv^oJ^^:^"'^^/i^° ""^^^ network, terminals, and 

jurisdictional boundaries. 
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ERIC 



Market Value Map 



This map designates the jurisdictional boundaries 
(000) and the highv:ay system (including terminals). 
Nonfarm parcels of land that are owned by local decision- 
makers -contain information on the market value of the 
land and developments on the parcel (values are in $100,000*s). 

The top.rov; of each such parcel indicates the market 
value of 100% of the land on the parcel. This value of 
100 percent of the land on the parcel is printed so that 
comparisons may be made from one parcel to another without 
having to take into consideration what percent of each 
parcel is privately owned. Since there is usually some 
land on most parcels that is not privately owned, the 
actual market values of the land will be somewhat less 
than indicated on the map. Nonprivate uses of the land 
might be for rights of way, schools, municipal services, 
utilities, treatment plants, parks, institutional, . public 
undeveloped, water bodies, and topographically undevelopable. 

The middle row indicates the market value of all pri- 
vate developments. This value is the normal new value 
(see Economic Master Table) of each land use timcc the 
constructed level times the value ratio. 
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Figure 10.16 
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ERIC 



Assessed Value Map 



This map shov;s the assessed values of non-farm land 
and of developir.ents on the land for those parcels of land 
that have a private local system owner (i .e . , ,non-f arm^ 
parcels owned by Economic Teams). The top number on a 
parcel square is .,he assessed value of 100% of the land. 

Assessed values of land are created in two v/ays: first, 
land that is newly purchased at a price higher than the pre- 
vious market value is given a new market value equal to the 
sale price and a new assessed value .that is dependent upon 
the jurisdiction's developed land assessment ratio or un-- 
developed land assessment ratio, depending on -w.iether there . 
is any economic activity on the parcel; second, through 
local assessment policy. The local assessment .policy can 
change the value by altering the land assessment ratio 
(either jurisdiction-wide or by parcel) or inputting a 
dollar amount (this decisipn only lasts for one round) . 

The second number is the assessed value of the devel- 
opment on the parcel. If no number appears in this position, 
the land is still undeveloped. Assessed values of devel- 
opments are changed through new constructions, declining 
market values of developments (resulting from declining 
value ratios) , and changes in the development assessment 
ratios. Thc_Assessment Department may change the assessed 
values of developments by changing the jurisdiction-wide 
developm..nt assess^ment ratios, changing the develrpment . 
assessment ratio for specific parcels, or by inputting 
a Qollar value of the development assessment (this decision 
lasts for only one round and must be input each round for 
which the dollar assessed value is to remain 'he same). 

The last line on a privately-owned land parcel shov/s 
the total (land and development) assessed value. The 
dollar values or this map are expressed in a scale factor 
($lm; $100,000; or ?iO,000) that is chosen by the computer 
based upon the highest and lowest dollar values represented 
on the map. Therefore, the map key is adjusted automatically 
when the need arises. 

This map also shows jurisdictional boundaries, the 
road netowrk, and the location of terminals. 
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Figure 10. 17 
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Farm Assessed and Market Value Map 

The value shovm for a farm parcel on the map is for 
that portion of a parcel v/hich is in farm use. The ratio 
of assessed value to market value is set by, the Assessor 
of the jurisdiction in which a farm is located. A farm 
owner pays local property taxes at the rate set by the 
Chairman and on the base set by the Assessor of the juris- 
diction in which the farm is located. Since a farm's net 
income before taxes is fixed according to the farm's 
fertilizer level, the amount of land at the farm and the 
farm type, the only variable expenditure is local property 
tax. 
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Farm Map 



A farm can contain more than one parcel. All of the 
parcels in a single farm have the same ov/ner, f?rm code 
number, farm type, and fertilizer level. The amount of 
land in farm use may be different for the different par- 
cels in a single farm. The rest of the land can be in 
public use or can be topographically unusable. No other 
economic activity can be located on a farm parcel, and 
all of the farmland on a single farm parcel is of the 
same farm type. When the economic owner of a farm parcel 
changes, the parcel ceases to be classified as a farm. 
Once^?*n initial starting configuration of the board has 
been selected, no farms can be created. 

There are two types of decisions which a farm owner 
can make: set the fertilizer level for a farm; and sell 
part or all of the farmland on a farm. 

A farm's fertilizer level is an integer from 0 
to 3. Associated with each of the four fertilizer factors 
is a multiplierwhich represents the increase in normal 
income which occurs at that fertilizer factor for the 
farm type. There is also an associated amount of pollu- 
tion in^the runoff resulting froi? each fertilizer faptor. 
Volume of runoff stays the same for a farm parcel regard- 
less of the amount of land on that parcel in farm activity. 
When a parcel is no longer a farm, no more runoff exists. 
A farm owner's income increases as he sets a higher fer- 
tilizer factor level. Likewise, the amount of pollution 
on a farm's runoff increases v;ith the fertilizer level. 
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Figure 
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Farm Runoff Map 



Farms do not use surface water or municipally- 
supplied water. Their water requirements are assumed to 
be met by ram or ground water. However, some of the 
water which falls on farms runs into the surface water 
Farms use fertilizer, and those nutrients flow into the 
surface water in farm runoff. The Farm Runoff Map shows 
where farm runoff flows. The program assicjns each surface 
water parcel a code number, which is printed on the top 
low of parcels containing surface water. Wherever there 
IS a farm, the middle row shows 'F' and the farm type. 
Differ ent typ es of farms have different basic fertilizer 
requirements and net incomes from sales. On a farm par- 
cel the oot torn row of the parcel shows the code number of 
iSS ^urface water parcel on which the farm parcel's run- 
orx flows. 

A farm owner sets a level of fertilizer us*- for the ' 
farm. The higher the fertilizer level, the greater the 
concentration of nutrients in the runoff from the parcels 
comprising the farm. p^xceis 
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Figure 10*12 
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River Basin Flood Plain Map 

Each parcel has a flood susceptibility betv/een 0 and 
3 representing the parcel's likelihood of suffering damage 
due to its location when a flood occurs in its river basin. 
A parcel with zero flood susceptibility remains undamaged 
when there is a flood, and a parcel with a flood suscep- 
tibility of 3 suffers the flood's v/orst damage. 

The game director controls the time of occurrence 
and severity of floods. VJhen a flood occurs, it affects 
the depreciation of businesses and residences located on 
parcels v;ith non -zero flood susceptibilities. The degree 
of damage done to a business or residence by a flood is 
a function of the severity of the flood as input by the 
director, the parcel's flood susceptibility, the type of 
economic activity, and the dam priority of the river basin 
in which the parcel is located. A river basin's dam 
priority (A, B, or C) represents the major purpose of the 
operation of the dams in that river basin. The three sets 
of priorities involve trcide-offs among flood control, 
ppJlutant concentrations, and water availability for major 
recreation areas. 

^ ' i' 

Each of the four factors in degree of damage has an 
associated numerical value. All four are multiplied toge- 
ther in the calculation of degree of damage. 
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Topographical Restriction Map 

This map shows the percent of a parcel that may not be 
purchased or developed by any local decision-makers. Land 
that IS topographically undevelopable includes mountains, 
rock outcrops, swamps. None of the area consumed by water 
bodies represented in the local system (large lakes, suall 
lakes, and rivers) is shown on this map. The map also 
shows jurisdictional boundaries, the road network, and the 
location of terminals. 
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Social Decision Maker Hap 



This map indicates which social players make decisions 
for the low, middle, and high incon^e population units on 
parcels. The top letter on a given parcel represents the 
social decision-maker who controls the PL's who live there, 
and the middle and lower letters represent the social decision" 
makers who control the PM's and PH's, respectively, who live 
there. If a particular class does not live on a parcel, 
no letter is printed. 

Not until a parcel is developed for residential land 
UFje and occupied by at least one income class, will a social 
decision-maker f o/ that parcel appear on the map. Note that 
different decision-makers may control the different popu- 
lation classes on a single parcel. Social teams acquire 
control over additional* Pi 's on a parcel vjhen the number of 
Pi's of that class moving int:D''^nig parcel exceeds the number 
moving out. Social teams miy findTthat from round to round ^ 
they gain or lose control of population units on a residential 
parcel of land. This occurs as a result of the migration of 
Pi's of a class to a parcel where previously there were no 
Pi's of that class (a gain) or as a result of the migration 
away from a parcel of all the Pi's of a class on that parcel. 
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C. Sunmary Ii^formation 

Dep\ographic an d IJco no mic Statisti cs 

The output summarizes a wide variety of information 
about the simulated region. There are tv/o basic types 
of information: statistics by jurisdiction and for the 
region as a whole about local conditions- and measures of 
intera ions betv/een the region and the Outside System. 
The forjiier provide comparisons betv;een jurisdictions; the 
latter provide comparisons between the local and Outside 
systems. 

Statistics Regarding Local Conditions 

Total population: the number of people (not Pi's),, 
by class. 

Percent change over previous year: the total popu- 
lation change, positive or negative, between the current 
round and the previous round. This is the only local 
statistic which is given only as a total and not broken 
down by jurisdiction. 

Average population per parcel: the number of people 
divided by the number of parcels. 

Developed land {in parcels) : the amount of land 
area (in parcel eq.-ivalents) consumed by public and 
private developmentJ. 

Undeveloped land: the amount of land area (in parcel 
equivalents) not consumed by developments. 

Total land area: the number o^ parcels. • 

Assessed value of land in millions: the property tax 

base . 

Assessed value of developments in millions: the 

development tax base. 
X 

Average quality of life index: a measure across 
classes of the people's average quality of life index. 
The higher the index, the poorer the quality of life. 
The indexes r.iay differ significantly within a jurisdiction, 
but only averages are given here. 

Number. of registered voters: the number of people 
eligible to vote, from v/hich the number who actually vote 
are selected. 
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Number in public adult education: the number of ^ " 

people who wanted to participate in public adult education 
programs and v/ere able to do so becciuse programs were 
provided by their school departments. 

Average educational level: by class, the average 
educational level. This ranges from 0 to 100. The higher 
a worker's educational level relative to those of other 
workers, the greater his chances of being hired before the 
others . 

Number of workers receiving welfare: if a jurisdic- 
tion does have a program for aid to the unemployed, this 
number is the number of unemployed wo^^kers . The number is 
zero if there are either no unemploiv.-^ workers or no 
welfare program. 

Student/ teacher ratio: ratio of number of students 
attending local public schools to nuiaber of teachers 
employed by public schools. This is a factor when students 
are allocated to public or private schools. 

Schoo l™-enro 1 lmejxt.:_ .the,. .numb,ex^oJ_sjtude nts attending 
local public schools and the number attending private 
schools. Students atteitd private schools on]y if the 
public schools in Lheir districts are inadequate. 

Housing units: the' number of levels of BI\ (single 
family), RB (town house , -multiple dwellings), and RC 
{high, rise) housing. 

Vacancy rate: the ratio of existing housing space 
to housing space occupied, expressed as a percent. A 
negative rate means that housing is overcrov/ded. 

Number of employed workers: the number of people 
holding full-time jobs, by class of worker. 

Number employed by type of employer: the number of 
full-time workers employed by each _type of business and 
government employer. 

Number of unemployed workers: by class, the number 
of workers seeking full-time employment who were unable 
to obtain jobs. 

Unemployment rate (percent): by class, the number of 
unemployed workers as a percent of the total number of 
workers who sought fjiillrtime jobs.. 
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Llorriing distribution: the percent of workers 
oarniny less than $5,000 , betv;een $5,000. and $10,000, and 
over $1C,000 frora f'Ull-time employmeat^ 

Trpiisactions lli th the Nabi o nal Economy 

Income from the national economy: federal-state aid 
received, by type of aid, and income from both basic 
indue^try sales of output and bus and rail sales of equip- 
ment. 

Sales to the national economy: federal-state taxes 
paid, by type of tax, and purchases of goods, services, 
and outside-owned land. The only Outside expenditure 
which can be significantly controlled locally is the 
purchase of goods and services due to local insufficiency. 

National economy business cycle: last round *s ratio 
to "typical income"per unit of output for basic industry, 
interest ra'zes on loans and bonds from the Ouuside 
(expressed as percents) , and the average rate of return on 
outside investments (expressed as percents) . 

~ 2 gunvaiaxy J:n £orma-t-ib.n--for^--the Social Sector 

Social C ontrol Summ ary 

This table shov;s, by class and jurisdiction, the 
number of population units controlled by each social 
decision-maker. A social decision-maker begins a game 
controlling a certain number of Pi's in each class in each 
jurisdiction (that number may be zero) . The number of 
Pi's which the decision-maker cc, trols in subsequent 
rounds it^ determined by the migration process, which moves 
Pl'^ into, out of, and within the simulated region in 
response to both local and exogenous i^nfluences. The 
migration process allocates people to housing; it does not 
determine v/hich social decisioiv-makers control those 
people. Before the start of a 'game, each parcel in the 
simulated region is assigned a decision-maker for each of 
the three social classes. When a class occupies a parcel, 
it c:omes under the control of the decision-maker originally 
assigned to that class on that parcel. The Social Decision 
Maker Map shoves which teams control classes already living 
on residence parcels. When a new class occupies a parcel, 
its decision-maker appears on the map. 

i^Qgi_gl_ Cont rol Sur rumary (one table for each social 
decision-maker) 
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Figure .7.5 



TWOCITY 

SnCIAL CONTROL SUMMARY TOTJU^S ROUND ? 



JURISCICTfON 1 JURISDICTION 7. 

TFAM PM PM PL PH PM PL 

AA C 9A 0 0 0 0 

BB ^ 43 0 0 0 0 3 

CC 0 20 0 ?5 0 0 

00 0 0 1 0 3 1 *>3 

EE 40 2 0 lA I 0 

FF 0 0 2 0 67 r. 

GO 36 0 0 42 10 0 
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This table contains one row for each class on each 
parcel controlled by the social decision-maker* The first 
two columns show the residence parcel coordinates and the 
class* Next is the average income for a household (family) 
of that class living on that parcel* A household consists 
of one full-time worker* The number of workers in a PI of 
each class' and the typical- full-time salary earned by a 
worker in the class are shown on the Master Tables. In 
almost all of the model's processes, all Pi's in the same 
class living on the same parcel are treated alike, so the 
average for a parcel is in effect the actual for a Pi* 

The fourth column contains the average sayings per 
family Tor the year. The f:lgure is annual income less 
annual expenditures, and dofis not include any savings or 
dissavings from previous years* 

The final column, total dissatisfaction, is the total 
of all of the indexes measuring the effect of local con- 
ditions on the population on the parcel . The higher the 
dissatisfaction, the worse the conditions* The dissatis- 
faction index is the quality of life index, which. is a 
factor in the migration proces55* 

Social Control Summary (two graphs for each social 
decision-maker) 

The two graphs printed for each social decision- 
maker show an historical coniparison of two types of 
information shown on the previously-described table: net 
income and quality of life index* Whereas on the tables 
information is given for each class on each parcel which 
the decision-maker controls, the inform^ion on the graphs 
is the average of all of the Pi's in the same class con- 
trolled by the decision-maker* The graphs show the 
relative values of those items for the most recent ten 
years* Each year has three columns on the graph, one for 
low-income (L) , one for middle-income (M) , and one for 
high-income (H) . Round 1 is Year 5 on the graph. Round 2 
is Year 6, and so on. After 6 rounds have been played 
(years 5 through 10 on the graph)/ the data for the 
earliest year are erased and only data for the most current 
10 years are shov^n. Year 10 is always the most recent 
round . 

On the net income graph, the net income for each 
class for each year is shown as a racio to that class's 
net incone during the first year* 'i:v.; first year is 
always 1.00. Thus, although high-income Pi's usually have 
a* higher n-2t income than middle-income Pi's, their incomes 
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Figure 7.7a 

Social Graphs for Teams: Relative Per Capita 

Income by Class 
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Figure 7.7b 



Social Graph for Teams: Quality of Life Index by 
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relative to previous years can be easily compared even 
across classes* 

If a decision-maker' does not control any Pi's in a 
particular class during a year, that class's letter 
prints on the bottom row of the graph • 

The quality of life index graph shows each class's 
average quality of life index as an absolute value, not 
relative to a base year. Each class measures the factors 
in the quality of life index differently, so there can be 
little comparison between classes on this graph. The main 
comparison is within a class between years. 

3« Summary Information for the Economic Sector 

Number of Levels of Economic Activity Owned' by Teams 

The table contains one row per economic team and one 
column for each type of economic activity. Each entry in 
the table is the number of levels of an activity controlled 
by an economic team in the simulated reg \. The last 
column, UN, is the number of undeveloped ^ *rcels which the 
team owns. The table provides a simple siammary of how 
economic decision authority is currently distributed. It 
may be observed whether certain teams are specializing or 
not, whether certain types of businesses exist at all in 
the region, and in general, how much economic activity is 
going on. 

Economic Control Summary (one table per economic 
decision-maker) 

This table provides a simplified picture of the 
status of each business and residence controlled by the 
team. There is one row per economic activity. The first 
two columns show the coordinates and type and lev 1 of 
the activity. 

The third column is the production idex, if the 
activity is a business, or the occupancy rate, if the 
activity is a residence. A residence's occupancy is 
expressed as a percent of its capacity. A residence can 
be occupied by to 120% of its capacity* The greater the 
occupancy, the more income earned by the owner from rents. 
A business 's production index is a measure of its actual 
output or capacity as a percent of its maximum output or 
capacity. In the case of a basic industry, the index is 
the number of units it actually produced as a percent of 
its design capacity. The production index of a commercial 

^ 86 
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establishment is its effective capacity (the amount which 
it can adequately serve) to its design capacity. A pro- 
dv.^tion index of 100 is the highest which a business can 
have. 

The fourth column, net income, is a businesses total 
income from sales or a residence total income from rents, 
less operating expenditures. ^ 

The last column, rate of return, is perhaps the most 
information single indicator of an activity's status. 
Rate of return is the income as a percent of the 
development cost, and xf a business is doing reasonably 
well, it usually averages around 10-25%. A decision-maker 
may use rates of return as guides for deciding which 
activities to focus his attention on. 

Further detail on rate of return is .contained in the 
section describing Economic Detailed Output. 

Economic Control Summary (two graphs per economic 
decision-maker) 

The two graphs printed for each economic decision- 
maker show an historical comparison of two types of 
information: net worth and rate of return. Whereas net 
worth is the team's total net worth (assets less liabil- 
ities) , the information on rate of return in the average 
rate of return of all of the activities contro'lled by the 
team. The graphs show the relative values of those items 
for the most recent ten years. Round 1 is Year 5 on the 
graph. Round 2 is Year 6, and so on. After 6 rounds have 
been played (years 5 through 10 on the graph) ,• the date for 
the earliest year are erased and only data for the most 
current 10 years are shown. Year 10 is always the most 
recent round. 

On the net worth graph, the team's net worth for each 
year is shown as a ratio to its net worth in the first year. 
The first year is always 1.00. The second graph shows the 
team's average rate of return as ah absolute percent, not 
relative to a base year. 
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Figure 7.&'a 
Ecpripmic Grkphs for Teams: Net .W6i?tP 
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Figure 7.6b ^ 
Economic Graphs for Teams: Rate of^ Return 
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D. General Information 



!• MIGRATION OUTPUX . ^ ' . ' 

The first major computer process, in each round is 
itiigratioh. The program moves , population units within, into^ 
and out of the simulated , region in respohse to "both local 
conditions and exqgcnous influences. The selection of which 
population units move each ye a J and' w^^ choose housing 

is entirely controlled by the computer program> although 
player decisions greatly affect the' process^i^ • 

Most of. the local conditions; which 
tion aire^ expressed as indexe's which arg sui^ two 
basic indexes used in migfatipn;: enyirprimeat^^^^ ihdexe?; , 
(measures of neighborhood quai'i^^^ 
-(iheasures of personal di^satisf action):;^ The hig^^^ 
is^, the worsiB the quality; a Idw index, in^ ;better qua- 

,iity. '[ ^ 7. ^ ^- /'^^^-^^ >^_-^ ' r}'^:^ 

tlndex^s are: rePativev^r never ;bei^^ . . 

norm or even acrbss classes.- * For ex4mple:>^ 
parcel ^cis three env%rbm 

EnVirbnmehtai indexes; are u a^ohe: :(:i>;eV>; ^rj[i^h.\ftp^^^ 
indexes' added^tb themy bhly^ 'i^^^^^ selecJ:io,n^ ^ * ^ 

Locai housing is rajbeS for: selecti^ .by/fmbvers^ 
environmental indexes > ;with the lowest index f^ :ahd^the- 
highest last. If there v/ere .^a gre^ deman^^ 
£he worst residences ^.vfbuic! :be-chps^^ ; 1^ "^^^^ 

W^re an excess of housing,, only those residert^^^^ ;haY;ingrth^^ 
lowest environmental indexes wbuT^^ 

. The sum of a parcel's ehyirprimenta^^^ ih4ex\!and; this 
personal index^ of a" class living.^ t^^ is that pppyl;^^^^ 
group's quality of * lif e "indlx. Th^| gUarit^^^ 
used to deteinnine which populatibri un^ 
*ta find better places ^tp live. A. randpm 'half a^^^ 
the population units with tKe highest quality bf life indexes 
Within each class leave their housing.; 

All of the indexes aire calculated before any people 
move. The migratibn output shbws in detail the ^alue'bf each 
factor in each^ indisx^ and how^ many pppulatibn units moved * 
where and for what reason. 

Envirohmehtal Indexes 

This sectipn of output prints the value of each factor 
ih' the environmental index for each residence parcel for 
4ach class. The parcels are listed according to where they, 
are located on the board, the birder being frbm left to right 
khd top irbw to bottbm row. The first coltimn of this output 
contains the coordinates bf the residence parcel for which 
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COMPONENTS OP THE QUALITY OP LIFE INDEX: 



I 



I 
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' : v Ilousing^ 0u^lx^^ ' • 
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r.; Tax Rates or t^eif are :Ravment 
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Dependent* -Upo ; 
> • Coliforin-G^ ' 
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Time InSSex ; ' 

(Dissatisfaction with 

Time^ ATlocationj 

Dependent tlpon*^^ 

^ • invpiuntary Time . 
• Trarisportatio Time 
. Recreation Time 
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ndex;^ fate^ : 
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r <^ 



the rest of the i-nformation in the row applies. There-are 
three rows^ of in fonnation printed for each residence parcel, 
one row^ per class. The diffe^rent clksses w^i^h some of the 
factors in the environmental index diffeirehtliy. ' > ' > 

The environmental index is the sum o.f the^ pollution 
mdsx and the. neighborhood index. Thij pollution index Is 
derived from the surface water gualaty bh. ,a residence parcel 
or, if the parcel does not cbntain surf^cd-wat^r, from .the 
guality on bordering, parcels. ^ This, iiidex is the o-ly factor 
m the environmental index which can be meefati^^,^.,^^^^ 
water quality adds to a residence parcel 'Ti§"'attractdv6ness." 
Thfe index has the same value f.oir all three- classes; ^ ■ 

The' neighborhood: index is - the sum several indexes : ' 
residence quality,. rent> muhicipai. ^sefviae-^ualCtyr sch^^^^ ' 
quality, local tax rates:, and :ip ^ :. 

RESIDENCE QUALITC; A residence. -cwhef- 'dete^^^^ 
residence 's initial .qualify .indexl'ahdfitsrM^^^ li.vei.. 
Residences, unlike all other :cohs,tfuctidns.r.^.cafeT^^^^^^ 
a- quali^ty ^less . than; lOpv .^As resi^ehcdl^'Utl^^ 
' does not mean that- tlie. rJsideiice. isif^^^^^ 
does mean that the residence "Was;.ti^thefe!;buiiiC.mo 
than residehces with ii^jher quality '"irid^b|elv6^^^^^^^^ 
at a higher quality. • Thje -quali% index ii./.r^^^ 
by the different classes,,- since.- l6wTiricbm^:=;-ioReMtibn 'uni'ts; 
are not quite as demap4ing>,of highes,i.;q'uali,€y;'^i^HqH 
are.^ To derive the value of this- ;Mct6f;>'>€h^ 
quality Index' is sulitracted.frbm^^ f6r/^ivigh?ihc6me^^ from 
^90 for middle- incqme:, and ■from-? 6- for ^^^^^^^ higher 
a residence's quality index, the le ss -value -tM-^'^ 

RENT: A residence owner also - sets th#:rent charged' at 
the residence. The different ■ci«#s.esrgraaua ttt^a. •resira§iice'':s- 
rent differently. The simulated /region hairau'^typ^^^^^ 
for each cl^.ss (see the Master TSbles fdf*'^^^ 
The typical rent is suBt'rac ted from v^ie' .resiSefe^^^^^^^ 
mill tipiied by a- weighting factor . The' we ig&t ^16^ M|h-in6ome^ 
is.l^ for middle-income 2, and for ib.W-iriconi6--.3V" ' .Thus, 'a' 
low-income grpup buts a greater weight on =reht'^deviati6n 
from its typical than high-incpme does. " , , 

* . 

MS: The Municipal Services Department: constructs and 
operates MS units. The quality of a muhicipai service unit 
IS measured as the MS vise index. An MS use index can' range 
m value from 0 to .200. An index of. ioO indicates most 
efficient service. Ah index less. than 100 indicates adequate 
but underused capacity and an ihdek over 100 indicates over- 
use of services. For the hieghborhood index, 100 points are 
subtracted from the use index of the MS unit serving the MS 
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district in which a residence parcel is located.. If the use 
index is 100 or less, the factor in the neighborhboca index 
is zero* Only a use indeic over iOO *c6n'tri6utes tb th^ neigh- 
borhood index. 

SCHOOL: The School Department constructs arid bperates 
school units* School quality is also measured as a use index i 
Again, 100 pbints are subtracted froin the use index of ' the 
school serving .the sqhool ./district in which a residence par- 
cel is located. Only a schooj/^use index over 100 cofttributes 
to the neighborhood index. ^ \ " ' 

t WELFARE OR TAXES:- Bb.th welfare rate and tax rates are 
set by a Chairman for a who^e juribdictibn/ so tlies4 factors 
contribute to which jUri/5dictibri» a\pof)ura^^ 

housing in* All of ±he othlr^^ * 

index* are more localized> cbriditic^iis'' 

dual residential! prarcels^ of indiyidu schqpl \or ;MS di|tricts • 

Low- income pqpulati^on un^^^^ only the, ffdrm^r . 6^^ 

threse two local goveirnme 
. in(3ex f or ibv;-iricbmev S point^^^ 

t he we 1 f ar e; paymen t pe r un empl oysS^w fkef is 1^ s s tlia 6;o:o 
Middle and high-income groups consider bhly local tax f.aitesC 
For the noighbbrhood ihdexv rphe-fpdr^^^^ 

each tenth of: a ^percent resiSerit iribome'); goddji/* artd' services - 
tax rate and orie-^ighth; bf a point is added fb^^ 
land and developments tax fate. _ 

The last column of this output i^s the iiatai erivironmen-'* 
tal index, the sum of the pollution irid^x arid^ the rieighbbf- 
hbod ^index. . ' * ' . » \ 

Personal Indexes ^ 

This output prints, for each class living bn each par- 
cel, the value of each factor in the personal index. Uniike 
envirbrimental indexes, personal indexes ar^ calculated only 
for j::lasses already living on^ residence parcels. A popula- 
tion group ]s personal index is added to the environmental 
inde.N for its class oh its residence parcel,, resulting in 
its qiality of life index, the relative vaiiie of which 
affec :s whether the pqpulation units will move. 

-A classes health index is the sum of the values derived 
from three sources: municipal service quality, residential 
cfov;ding, and the amount of coliform bacteria in the nearby 
surface water. The maximum value of the health index is 
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ERIC 



MS EFFECT: The value pf the MS ^factor in the , environ^ 
mental index is* divided by four for ifcs> value in ^t^^ 
index. . * , . ' 

.CROWDING EFFECT: A residence can be occupied up to. 120% 
of its constructed capacity ^ ^Fpr each perceh't which 'it is 
.overcrowded (over 10.0% occupied) 1.2 points, are- added to the 
health index. ^ ^ ^ 

BACTERIA_EFFECT: The cpncentrafeion of: cc)l:i$6^ 
in "the surface water on a parcel affec^ tfe^^ index of 

.that parcel and^ adjqihirig parcels. ^A parce^^^^^ a sur- 

face water parcel *if any df Its corner^; touches a* s^^^^ 
water parcel * s ^co. ner.. The coiU'fprin cq^^^ 
adjoins a surface water parcel i i the "^^h^^ 

* ' of the surface water parcels. ^hich It adgo4ns:.\ .jWh'en^^.s^^ 

a parcel/s health index, the coli^fom.>^^^ 4' 
arid can hav<^ a mXxifnM^ 5p' 5pd^^ ^ ^ . - " 

* Thfe other f aators in ^the. jpersonal' indeX'.Jref le^^^^ § icia^s^'^^^^^ 
time allocation ahd. quality of' PuMic^ ,:rec):ea^|/6n: fa6i^i4?^es. . - 

TRANSPORTATION-^TIME : The HrffeZ-spen t^^ to y;ork 

is averaged' for a class on a parcel 'for CS^^^P^^^ 
eating the 'rest of their tima. -Wq-eJc", -is-- jthe.--pri-ry.^ |ct?iYrty.-^ _ 
which' popuiat ion units in the same class livi"^^ 
parcel do hot perfom as.^lgrbup. . .Thus^>: ea(;h popui-aticn 
unit cbUld hi worltihg at' a di f f erent; emplp^^^ nd ; 

spending ^ diffefeiit ambuht if time gett^ion^^^ ^ 
average time unit spent in tf ahsporltatioiv, tb: work in. the 
previbus round, f ive pbints ^f e addeia '-'t^^^^^ ^ 

' RECREATION.: Social, decisiohrmakers jaHb ^time to * 
recreation, and that 'time is subtracted fr^ 
index. However, the sufficiency bf local parks affect^, the 
number bf points which are sub|f acted. Park :adequacy 
measured 'in a use index like schbbl ahdxMS iadequacy. If the 
use index bf the most overused park within i/tworpar eel 
radius is over 100, the percent of the ■pbihts subtracted from 
the personal index due to recreation- 4s decreased.. Ttie. 
number printed here is the number of points subtracted after 
recreation time has been adjusted for the park use index. 

INVQLUNTARY TIME: The time which a social decision^ 
maker allocated to various activities arid which the pqpula-- 
tioft uriits were unable to spend in those activities is 
involuntary allocation of time; For ^example, if the decision- 
maker allocated 25 time units to extra work and, due to a 
limited number of part-time jobs,, the population units were 
orily able to spend 10 time units in part-time work, 15 points 
would be added to involuntary time. 
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Dissatisfaction Cutoffs 



-A- random half of the 20% of the population unifQ -in • 

falls rr.,j)ppopulatiqn unit with a personal^ index-abbve^^ 
relevant dissatisfaction cutoff ^as a 50^50 c^^^^^ beina ^ 
selected for moving due to dissatisfaction. ot ^^exng 

The rest of tiiis output has one .row per -lurisdiction hnr\ 
one CO lunm per class showing ,the ^number of fa^?s.^if Jhe^c^^^ ^ 

^^^L^^'u^^^ jurilsdictioh^ , The^^tb^ i6w is juydictidh 
one and the bottom row is jurisdiction thtee, ^^ -^^^^^ . ^ 



Migration Detail 



There arje .reasons other than diss a ti^^^ /for vwhich 

a populatior. unit migiit move; piitlqf. Z^^^ Af fiked^ ^ 



-appear. ^ In, addition,, popuratapri 
crowded housing; (houDingVbVer ,p to 
partial -or total .residential d;^ Thos^^^^ 
Pi's seek local housing /an4 leave %d "systertrb^^^^^ 
are unable \to find acceptable housings * i /A^^^^^ 
^centage of each class's ^population, units J^^^^ 
to seek.;better hojasing;. These Pi's^,/.rto§^^ 
seeking- housing, be^cause^ .they wereV §he^»r^6it di^s^ti 
leave, thd system, if ;t:hey: icanhotr f ind acc^p$abli 
a he ig hborhood i ridex, below that h t their !^;pii^ioW Kbusi ng,. 

Besides local movers,! a-perceht of the locar^^ 
in each class comes from^ the Outside to 4eek houling. ^his 
group represents natural population growth..^ Anbther group 
of Pi's seeks local housing in response to loda^ em^^ 
opportunities. These two types of movers^ leave the local 
system onlyiif they cannQt find acceptable housing^ ^ 

The migration detail output-shows, for each residence 
parcel, the residence, owner,, the -social decision-maker con-s- 
trolling each class living thsre- after the migration process 
has run, the number of Pi's in each class living thero after 
the migration process, the quality of life index for that 
class (this prints zero if the class 'V/as not living on the 
parcel in the previous round), the number of Pi's who moved 
to or from the parcel during the migration process, where 
theycime from or went to, their reason for moving and the 
location of their employer. 



♦Acceptable housing is housing with a quality index ranging 
frca 20 to 70 for low, 40 to 100 for middle, and 71 to 100 
■for high, 
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When the location given for origin or destination of a 
group IS zero, the group came from -or went to the Outsrde 
system. New m-migrants or n'atural growth migrant^ always 
have employment locations of 0. Of these two types of mover 
dU^this TT^± ^^""^ acceptable local housing, are not shown 



Migration Stati s.tics ' , . ' 

dictio!;^%Srr^-^' f summary which shows-, -by class .and. juris- 
f ro^ the orig-mal. population,. .the member of dn-fnigraftts ■ 

- tidns ?hP ^n^^^ system the* ifnmigration; frbm^ other ' jurisdic- 
tions, ^the in-migration due to natural population grbwth, 
the outmigration to the' Outside system/the outmig?ation to 
dJStLr''and'?hi°!?'' r'' totally.. within^each tju-ris- 

in -PI'S.' ^ PQpulation. All numbers,^|re Wxpiessed 

Migr ation By Type - ^ " 

fhts summary output showi, ;by class'^ftd ^By jur'alsdifetion 
|h^j number of. Pi's who, moved fo^ .each reason iy ea^ch lbJis^ 
X^^^r. '^^'^'''^^''^'''^ Outsidel td .ea^c:i r ther Eurildictibhr 

A I i^'^he tqtal number of PL's from^ fehe^^Outside n.ho 
remained Outside 'due to local housing' insufficrency. Th^y 
are mdrcated as having come ^frpm butside and gbiie to Outside 
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Figure, ; 1.5 
MIGRATION STATISTICS 
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2. WATER SYSTEU UUa'FuT 



Water User Effluent Content ^ ^ - - 

Economic activities^ municipal sewer systems, and. farms 
dump effluent into the surface water. All businesses except 
surface water users dump their . effluent into municipal sys- 
tems, which then can treat some or all of the effluent to 
vai"ying degrees. This section of the output shows- in detail 
the pollution generated by ^each farm and ecpnomic activity. 
If a bas'ic industry has a treatment plah.t, the amount ^of 
pollution printed is the pollution remaining in the effluent 
after treatment. Industries can recycle some water (up to 
100%), which decreases the .amount of water in the -effluent 
but not the amount of pollution in the ef f lueht. 

*• . . . ' 

The amount of each pollutant is expressed, on this output 
as 100 times its actual value.. Thei poiiutio^ 
measured in ^ its concentration \.pe it^is ^m^ 

sampling stations. ^ The pjbMutiok is^ 

tant* in .the effluent, ^he -amount 6 £ '^e^ is; .als^^^^.e^ 

as 100 times ifcs„ actual value. / / * : 

Oil and floating solids and\^high level ,wa^^ rfipre- 
^ sented sbmev/hat differently^ frdm-.the ojrier pollu^tantsv They 
are either present in the effliieht or nb.t; they are.hqt- 
measured in volume or cohceritraiiion. A zero Indicates thj^t 
the pollutant is absent and a one indicates, that' the^pollur 
tant is present. ^ \. . ^ . 

For a farm parcel, two .rows, are printed. The first 
shows the location of the farm parcel -and its type. The 
second shov;.s the location of the -parcel' bn which the farm- , 
parcel's runoff flov;s, the type of farm clumping oh that par- 
cel, and the volume of pollutants and. v/ater being dumped . 
there 'from the farm parcel. . , ' 

River Quality 'During Surface Wat^r Process 

This output shows the amount of pollutipn present oh a 
parcel during all stages of the. sjirface water process. A 
surface water parcel is part of ^ a river. The beginning of 
a river is defined as a parcel having surface water and on 
'which either no other parcel^s surface wa'ter dumps or two or 
more parcels' surface v^aters dump. The last parcel in a 
river is .a parcel that either dumps on ho parcel or dumps oh 
a parcel on v;hich two or more parcels dump; 

The parcels are listed in the order in which they are 
processed, i.e., in sequential order of upstream to down- 
stream for each river. The various stages through which 



105 



Figure 



2.1 



• BOO 

IX tool. 



CHt ONIDE^ 
IX 1001 



IX lOOi 



IX lOOl^ 



CX 1001 



OH AHt) HK.H 



mi 

>00?? 

I07?4 
9<»?6 

tM?6 

I0!?6 
Hi?* 

• «?9 

«??t 

10?^ 
. 10224 
TftJO 
76)? 
Tff^O 

75) 2 
<0)0 
90)2 

14)0 

eft)'> 

<fi)0 
♦0)0 
*?)0 
- '♦6)0 
«<)0 
lO't^O 
lO^^O 

76) ? 
7692 
711)? 
7«^? 
%^)2 
•0)? 
•«)? 

• 6)2 
9%)2 
9f»? 
9?)? 
*«)2 
*ftj? 
♦*)? 

Ift*))? 
tft?V 

•A)4 
«^)« 
«0^« 

**)* 
««)« 
10?)4 

lOUO 
lOS)* 
tO«)0 

fj*)* 

10*10 
M)6 
40)6 
«?)6 

«%)4 
4^16 
40)1 

V)« 
4*)« 

•«)1 
«6I6 

0 
0 
0 



It4 I 
K4 I 
2 

RA 4 
R4 I 

? 
) 

Kh I 
XA 4 
tA 1 
*A ) 
RA'> 
XA 7 
• 5 ? 
>A J 
X4 2 
>A J 
KA 4 
RA I 
PS 1 
IP 1 
R4 4 
. XA 2 
f I 



X< 4 
RA A 
XC I 
XC 2 
»C I 
Pk I 

KG I 
XA 2 
»6 2 

f I 

F.' I 
•F I 

r t 

9 I 

r I 

XA 6 
RA 6 
RA ? 
RX ) 
XC I 

fo t 

M» I 
X5 I 
X» f 
XA ) 
XA 4 
XA ) 
XX I 
X% ) 
XC I 
XC I 
F 1 



r ) 

f J 

f 1 

r ) 

r ) 

XA 9 
X4 2 
' X* t 
XX ? 
Xft 2 
XX ? 
•A I 
XA I 
XA ) 
XA 4 
RA ) 
U1 I 
UT ? 
Ul 3 
Ul 4 
Ut S 



0 
0 
0 

0 

o 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o 

0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
A 
0 
0 
0 

XT I 
ST t 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

It 4 
IT 4 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 

fl 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
70 
0 
0 



0 
0 
0 
0 
0 
0 
40 
0 
0 
0 



0 ' 


0 


. 0 


' 0 


lOTOO 


170 


6000 


1X0 


17000 


)60 


2T090 


810 


10700 


ITf) 


X4 000 


2570 


1)2000 


)960 


47000 


l?ftO 


4?%00 


.14^0 


1X900 


1400 


)f900 


l4no 


1X900- 


1400 


?iico ^ 


440 


X4 090 


7920 


71000 


ft)0 


7)100 




10000 


1700 


9)<)90 


1460 


lOTOO ^ 


')T0. 


IXOO 


0 


4 00000 


' 144000 


77000 


eio^ 


2)100 


l«0 


0 


0 


0 


0 



0 

4770') 
70000 
15)^00 
lOTXOO 
STSO 
499072 
2^00 
12000 
»)100 



0 

60000 
70009 
17 TOO 

iU5no 

116400 
lUOOOlO 
4900014 
2990 
119900 
1?!00 
4TT00 
10000 
6')?50 
144000 
144600 
1X7200 



0 

60000 
20000 
9i?90 
1?)T90 
17ITS0 
1>?900 
10000- 
10000 
)0000 
47T00 
10000 
16X4 0 
14861 
0 
0 

2590 



IXAO 
7X')0 
S9i0 
tU2d 
0 

1265412 
0. 
160 
•40 



0 

2400 
2X00 
6X0 
6900 
4960 
t46009'> 
1412902 
0 

4?00 
1110 

ixxo 

1?00 
2)90 
7?00 
9640 
7)X0 



0 

7400 
•00 
2?90 
4X90 
4690 
4400 
400 
400 

lejo 

1?00 
649? 
20107 
0 
0 
0 



.20000 


0 


?0000 


. 0 


20000 


0 


20000 


0 


20000 


0 


20C00 


0 


770 


90 


4?0 


10 


X40 


60' 


ISXO 


1J9 


. '70 


90 


9910 


420 


4?40 


460 


2440 


210 


10^0^ 


200 


7001 


. 1»9 


2 MO . 


179 


2X00 


175' 


*16X0' 


W5 


ixno 


420 


44T0- 


109 


16X0 


. 109 


7400 


l?0 


3420 


749 


770 


90 


. . 0 


270 


•0000 


24000 


1X40 


135 


1690 


109 


49000 


0 


4it6ob 


0 



4X00 
^760 
9600 
UXXO 
2)640 
0 

2947D0U 
0 
X40 
16X0 

4X'0')0 

4^000 

40000 
4X00 
9601) 
1)60 

tiooo 

4120 

44000000 
9629007 
0 

• 600 
2110 

3 760 
7400 

4 700 
14400 
117X0 
14760 

49000 



49000 
4I|0'> 

uoo 

4i00 
470') 
4100 
4X00 

xoo 

XOO 
^400 
17A0 
2400 
1647«) 
94646 
0 
0 
0 



0 
149 

7X0 
645 
1109 
440 
4 

110 
40 
109 

0 

0 

0 
240 

.2X0 
79 

, 4>0 
4M0 
14702 
4900 
299 
925 
190 
149 
120 
290 
760 
. 400 
765 



0 
240 
XO 
299 
910 
9?0 
440 
40 
40 
170 
145 
120 
0 
0 
0 
0 
299 



0 


0 


0 


0 


b 


fl 








0 


0 


' f) 


0 


^0 


0 


0 


0 


0 


0' 


0 


0 


0 


1 


0 


0 


1 - 


0 


n 


1 ' 


0 


0 


1 


fl 


0 


1 


0 


0^ 


I 


0 


•0 


^1 


0 


0 


1 > 


0 


0 


1 


'fl 


0 


I, 


is 


0 


t 




,0 


1 


0 


0 




0 


0 


t 


0 


0 


1 


0 


0' 


1 


0 


0 


1 


0 


0 


t 


0 


0 


\ • 


0 


0 


0 


A. 


0 


0 


r. 


0 


r. 


0 


0 


1 


fl 


0 


0 


b 


b 


0 


0 








0 


0 


0 


0 


1 


0 


0 


. 1 


0 


0 


t 


0 


- 0 


t 


0 


0 


0 


0 


0 


0 


.0 


0 


fl 


0 


0 


t 


0 


• 0 


t 


0 


_ 0 


0 


0 


0 


0 


0 



0 
0 

0 
0 
0 
0* 
44100 
139000 
0 

^ '0 
0 
0 
0 
0 
0 
0 
0 



w*Tf B 



7090 

2000 

2003 

7000 

7000 

2Cf»'» 
10 
6 
1? 
77 
10 
«4 

1)7 
42 

40 
19 
19 
•«9 
71 
X4 
71' 
71 
?4 
40 

i*^ 
i« 

27 
71 



1900 



140 
It 
96 

1?'> 

261 
7) 
26<-bO 
1 * 
1? 
71 

1*00 

190) 

1500 
44 
*9 
15 
I''* 
46 
4'»')0 
774^'* 
I' 
I0< 
)*» 

>4 
?* 
50 
IV 
l?! 
19) 



1' 
91 

r? 

10* 



?* 

.1449 
l«*l 

0 
IT 



106 



Figure 



2.2 



IwCtlTV 

*ivf« Cf.iiiv riuPis^i $*»»ftr( w\tfn ptocf^^t tun i 



Is 



I 



I 



h 



11 



tOCttlOS 0J4LI1V 



' mo 



•e)2 

• %J2 

ll«)2 



TK}2 
TII2 



10 

10 

U 



4) 

%2 

T2 



71 
77 



•»ffO»f MO CHAN'-.t 
MOtfEO lO'NKT PAfiCCl 



Nnv£0 to Ntxt Mtcil 



MOVfO to NEXT. »Altr.€l 



♦757 






^277 


• 1 




♦732 




AruR MO CH&\ci 


♦772 


0 




«272 


• 1 


•tOVCO to Nfltf rA*CCl 



•072 


♦ 1 


Arrr* aoi^io 


♦072 


91 


iirro»( tip CKtNC.( 


t07? 


%l 


^ APlCft MO CHisr^ 


•077 


0 




*«0)2 


«l 


HOtfCo 10 NfXI PAtCfL 



0 



r*^l»5^^ Acoto 

M'JV'fO 10 NtItT PAtCfl 



•^72 




»ri£R amnc 


•^77 


e: 




tfAt 


II 


»Flf« MO rMV*« 


«$>7 


0 




no)7 


Ml 




l«72 




AFrrit ACisO 


t«7:! 


tr 




ll«77 


,•1 


AfTf« MO CFAMCf 


•^77 


e 


IfflUCM Aoro 


l«72 


•I 


f ftOVCO to NEXT MACfl 



A772 


• I 


AfTft A'SINC 


«772 


11 


ntfnn mo CHts^^c 


«777 


t\ 


«(7f^ MO CH*NC( 


•77' 


0 




v«77l 


M 





A372 


• 1 


AMfA ICINr. 


«072 


II 


dCfOKC t\n CMtKCf 


«'>72 


Kl 


Arirk MO otnct 


8077 


77 




• 077 


II 


Movro 10 scAf pinti 



II 
II 

Al 
67 
II 



^|fC*C MO fMlsr.e 

Anr* sto CHi^jCf 

H3VCP 10 *ICA1 9\fCtl 



T672 


11 




7677 


11 




?'.72 


Al 


inr* Aio C^Ascr 


74^7 


27 


[FriUCNI AOOFO 


7472 


II 


ttovro 10 *tCKf »*AC(L 



7«72 


II 


AFfCK tcxur. 


7*77 


II 


t-tfORC MO CMiNCr 


7*J7 


II 


AflCa *.\0 f.MASCt 


7*\7 


0 


rr#Lt)rNl I'iOfO 


741? 


11 


Mnvco 10 *ietf Pkttti 



400 


CKOtlOCS 


KUWIfNlS 


C0LIF09«( 


If n»CA*1U9C 


ACA OF 




*««oo^t 


<v inoi 


ll 100) 


|X |00| 


IX )00) 


II 109) 




ACf^or 




















I71II 


7297 


21 7967 


22 


• 






69700 


I2II9 


72 97 


2n'»67 


22 


0 


0 


0 


509ftft 


SA(V7 


1^*0 


9*tiV7 


lo 








27^60 




1785 


919^4 


9 












1765412 


'799700*9 






Q 




766*0 


1004*76 


1266797 


7096)952 


* 1) 








59700 


100**76 


1766797 


)0667952 


1) 


e 




0 


^1900 


561775 


'707*>|6 


^ i'>*no4)2 


7 






'1 


*9500 


' $7^910 


6771 I4 


15707774 








0 


7*50'J 


4500?I6 


|9|2902 


5675007 


4500 


175000 


0 




27<CO 


5075826 


2549'<76 


21407271 


6)06 


1)5000 




"0 




5075^76 


'754 9676 


7I4A727I 


4506 


I7f000 


6 


0 


^7000- 


'^5612^6 


2709772 


197^9986 


4011 


122779 


0 






' ^7^7^64 


907*4)4 


tA2 l^Al? 


)77l 






4 0 


6T|f)0 


|47|'9<)IS 


7990107 


• 49n59'^44 


|4707 


> 4 4 1 OA 


0 


* >0 




10077877 


4058741 


67274475 


1847) 


44|00 






57900 


^ IW77«77 


40'.854i 


^672744 71 


^ vi847) 


■ 4411)0 


0 


0- 


^ 57900 


IO0T7877 


6C58541'' 


672T447I 


1847) 


**|00" 


Q 


-0 




|A206%72 


7657686' 


6)1 972 16 


"17077 


* 0 


Q 




^5)900 


0 


' " 0 


0 


» 0 


Q 






0 


IA206I72 


7652616" 


6)1 97216 


1707) 








5)0(^0 


1^70*57? 


7/.5769A 


6M977t6 


1707) 


0 


0 


0 


^*990 


1^706072 


76526^6 


671 97716 


|707) 








5*1^01 


' 17779749 


77874 IT 




15779 




ft* 


J" 


54900 


0 


Q 


A 0 










0 


t7)7'^746 


77A74I7 


59)67072 


15779 




0* 


c 


5*79(> 


t7ST«74« 


7797417 


59)67077^ 


15779 


0 


0 


0 


5<PO0 


I77792«(t 


728741T 


59)67972 


15779 








55990 ' 


1^589217 


2959675'^ 


55769046 


16597 


Q 


Q 




55090 


jO 


0 


0 


0 


Q 


0 






165A9237' 


2958675 


55769056 


1658) 




» 0 


0 


55500 


l*5««?<7 


2959675 


55769056* 


1658) 


0 


0 


0 


J 56000 


|65A42<(7 


* 79S9«;T5 


95769f^6 


1451) 


Q 


0 


0 


56999 


15I>5724 


2662807 


57)99104 


1 )4 7l 


0 


0 


0 


56000 


0 


0 


0 




Q 


Q 


0 






79^20*" 


>/ i^VIO^ 


1 'A 




Q 




960u6 


15IJ5774 


7662907 


5^799104 


- n7*7i 


A 


e 


A 


5»900 


1^175724 


26 62 ^ OT 


577''9| 04 


l^* 78 


0 


Q 


0 


57/) no 


151 15^*1 


2796526 




12656 




0 


0 


57900 










ft 


0 ' 


0 




* 15115441 


2796526 




12656 


' . 




0 


%790A 


15115441 


2796526 


692l6n00 


12456 


0 


6 


A' 


59000 


15115**1 


27')6576 


49214000 


12*56 


0 


0 


0 


5*900 


14478)7'. 


2I54IT7 


46271771 


U5I2 


0 


0 


0 


5»90t» 


0 


0 


0 




0 


0 


A 


0 


14*78775 


215617) 


662)1)28 


11512 


0 


0 


0 


59790 


14428775 


715697) 


46271)78 


II5I2 


0 " 


e 


e 


59909 


1*429775 


2I5AIT) 


46771^78 


II5I2 


0 


0 


0 


5*>9ftA 


17772579 


1941195 


6)479^24 


10679 


0 


e 


0 


59990 


0 


0 


96000 


0 


0 


e 


0 


7990 


1771257* 


194III5 


6)575474 


106)9 


0 


0 


0 , 


5*090 


I77J257* 


I94IIA5 


67525474 


' I0t79 


e 


0 


0 


69909 


17777579 


194||«5 


4)575^76 


106)9 


e 


0 


0 


60')C0 


1716451* 


1 747066 


40197570 


98)) 


0 


0 


e 


69909 


75 


76 


960)7 


)9 


15 


6 


0 


)90| 


I7I*65*< 


1747137 


40991557 


9871 


15 


6 


e 


69909 


17146549 


1747102 


409M557 


9171 


15 


0 


0 


61090 


171*65*9 


I1'*.7l02 


40'>t7557 


9ATI 


. 15 


e 


0 


61090 


|25*8'»78 


I572J9I 


)A^04S«& 


912) 


0 


A 


0 


6|9«r» 


0 


0 


96nno 


0 


0 


• 0 


0 


7990 


I75*8«7e 


1572791 


)9595696 


912) 


0 


e 


0 


61099 


175*8078 


I5727>fl 


)959',6«:6 


917) 


0 


0 


0 


67990 


12***079 


157?)9| 




912) 


0 


0 


0 


67900 


I|«7f569 


UI5IM 


)6^5^^60 


94)1 


e 


0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


U978564 


1*I5|51 


)6 2 56560 


14)1 


0 


e 


0 


67990 



a. 



107 



water is processed are grouped together for a single parcel 
The water quality is expressed by a two-digit code, the first 
digit of which, represents the water quality category and the - 
second of whioh represents the first pollutant type which 
oij''? M'^^ quality in that category (1=B0D, 2=Chl6rides, 

etc.). ine volumes of the first five pollutant types are 
expressed as 100 times their actual values. 

.n^ The values, printed for the last two pollutant types, oil 

andLijigh level wastes, are their "ag4s". 
P°ll"tants disappears from the river water after 
travelling five parcels, down the river. Whenever two- rivers 
T:u°f IS dumped into the surface water, the "age" 

of that pollutant in the surface water becomes, the "age" of 
w^L^Tf source of that pollutant. So, if the surface 
I^m^L ^f^"" ^^""^i wastes age 4 and high level wastes were 
dumped on the parcel, the new age of that pollutant would be 

• \ For each parcel, the po-llutaht content of , the -water is 
given for five different stages.. The= fi^lt, 'tAF^^^^ . 
shows no difference in pollutant cofttent .from the previous 
parcel except for the ages of oil and fioatihg solids and 
high level wastes. Their ages are incremented . by one (if 
the previous age was not zero) until they are g-eater than 

in which case they disappear from the river and become 
age zero. The volume of water is -the volume of surface 
water on the parcel. ^ - ' 

"BEFORE BIO CHANGE" is the amount of pollution in the 
surface water after water has been removed by any -intake on 
the parcel. When water is removed from a parcel, the pollu- 
tion in that water is also removed. So, if one third of 
the water on a parcel were removed, one third of thT'pbllu- 
tion would also be removed. Only oil and floating solids 
and high level wastes are unaffected when water is- removed. 
The -volume of water printed on this line is the volume 
remaining m the surface wator after any water is removed. 

After water is removed from the surface water, the 
remaining pollution undergoes a biodegration process The 
third line, "AFTER BIO CHAI'JGE", shows the amount of pollu- 
tion m the river after that decay process. 

r,r^■i„4-^^^K^ ''^ dumped On parcels containing municipal outflow 
points, basic industry surface water users, and agricultural 
runoff points. The total amount of pollution ad5I"to thl 

ISSln"^ ''^u^l E^''''^^ li"^' "EFFLUENT 

r™?n' ^^^t pollution is added- together- with the pollution 
remaining in the river after biodegradation, and the result 
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is moved to the next parcel in the river. The total amount 
of pollution leaving a parcel is shown on the fifth line, 
-"MOVED TO NEXT PARCEL". 

For those parcels on which municipal intake points are 
located, the program prints the utility district code number 
and amount of water removed by the district on a line between 
"AFTER AGING" and "BEFORE BIO CIIAI^GE". The amount of water 
printed is shovm as 100 times its actual value. 

Water User Costs and Consumption 

All water users except farms can incur costs related to 
water. The types of possible expenditures vary by the type 
of water user. Prices paid by municipal water users purchas- 
ing locally are set by jurisdiction and by typ6 of user^ 

One cost for use of water can be incurred By any v;ater 
user: if a water user cannot obtain all, 6f its heeded water 
from its normal spurce^ 'it aiitomatically pufphases Che reiftain 
der from the Outside' at the Outside price^ per "lihit of water. 
Actually the Outside p^rice does not necessarily literally 
represent a purchase from sources outside of the simulated 
region; it merely represents a higher cost to a- water user 
to obtain or process its required waters Regardless of how 
a business obtains its watei: requirement, it dumps all of its 
effluent into a municipal system, or if it is« a surface water 
user, into the surface water on its parcel. 

A municipal water user obtains all o^f its needed water 
from its municipal system unless: 1) the total amount of v;at 
attempted removed by surface watcj users (municipal .intake 
points or surface water using basic industries) from the 
parcel on which its municipal intake point is. located is 
greater than the amount of water ori the parcel; 2) the water 
quality on the parcel .on which its municipal intake point is 
located* is 9; 3) the intake treatment plant of its municipal 
system has the capacity to process less than the total water 
requirement of the municipal system's v;ater users. In the 
second case, no water .users supplied by the municipal system 
receive municipal water; all purchase from the Outside. In 
the first and third cases each water user receives a share 
of the municipally-s^upplied water proportionate to its needs. 
If both the first and third cases obtain,, the lesser amount 
is removed from the surface water and treated. A business 
pays the local price set for its business type for that pro- 
portion of its annual requirement which is supplied locally 
and pays the Outside price for that proportion which is not 
supplied locally. 
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A surface water user obtains all of its needed water from 
the surf ace* water unless: 1) .the surface water quality is 9; 
2) the total amount of v;ater attempted removed from the parcel 
by itself and any municipal intake points located on the par- 
cel is greater chan the amount of V7ater on the parcel. In 
the first case the industry buys all of its water from the 
Outside at the Outside price per unit of water, in the second 
case, the industry receives from the surface water an amount 
proportionate to its requiremenp and buys the remainder from 
the Outside. 

On this output, the number printed under A.MOUNT REQUIRED 
is the water user's daily v/ater requirement; The AMOUNT 
OBTAINED is the amount of v/ater obtained from the water user's 
normal source of water. The annual consumj^tioh is a function 
•of the activity's type, level, and, in the case- of basic 
industries, amount of recycling. The .anhual water cost is the 
total ^ cost which ^the^ activity pays for water in that round. 
A surface water user which obtains all' of J its water from the 
surface water has zero cost .here. 

Only surface w^ter using basic industries can inpur recy- 
cling, intake treatment, and outflow treatment costs/ A bus^ 
iness's recycling cost is a function of its Amount of recycling 
and its normal water requirement.^ 'its intake treatment cost 
has an additional variation for the quality of ^the intake 
water beforelt is processed. Outflow treatment costs vary' 
by the industry's volume .of effluent and t,he type of treat 
ment provided. All three costs are shown oh this output as 
total annual costs. 

Coliform and Pollution ;^dex Values (Map) 

The coliform concentration in the surface water on a 
parcel affects the health index of that parcel and adjoining 
parcels. A parcel adjoins a surface water parcel if any of 
its corners touches a surface water parcel's corner. The 
coliform count on a parcel which adjoins a surface water 
parcel is the highest count of all of the surface water 
parcels v;hich it adjoins. When used in a parcel's health 
index, the coliform count is divided by 4 and can have a 
maximum value of 50. 

A parcel's pollution index contributes to its environ- 
mental index. It is one of two indexes in the model which can be 
negative; good water quality contributes to the desirability' 
of surface water parcels and bordering parcels. Fon a parcel 
containing surface water, the pollution index is: 

(W-3.5).3 

V7here W is the surface water quality rating. 
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Figure 2.4 
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The pollution index of a parcel bordering a surface vcater 
parcel on a full side is half of the average pollution indexes 
of the surface water parcels which it borders • 

Pollution indexes are calculated for lake parcels and 
parcels bordering lake parcels. Since the concentration of 
individual pollutants is never specified for lake parcels, 
there are no cplif orm counts fqr them. 
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3. EMPLOY^IENT OUTPUT 

The Full-Time Einploynient and Transportation Processes 

The employment allocation process is run^ soon after 
the migration process. The number of workers living at 
each residence location is the number resulting from migra- 
tion. Unlike the migration process, the employment process 
operates on all Pl*s; each PI reponsiders all job openings 
each round. A whole Pi' is^hired^at a time; there is no, 
smaller unit in employment "^an a PI, even though a*Pl is 
composed of many v/orkers. . 

The factors involved in the matching jof v;orkers with 
jobs are each employer ' s salary offerings (Salaries are 
set by class, one salary offered to eachv class), the trans- 
portation costs for workers to get to emplbymerit locations, 
the workers' relative education levels, the.humb^ 
openings in each class, where wo.rkers w 
previous round, .and v;here workers rare boycditing^^ bp^nings 
In general, if there are fewei: Vo^^J^^^^s ^thah jbbs:^ t^^^ 
employers offering the iov;est salaries or loc^te^^^^ 
from residences do not receive all of their neededf employee 
and suffer production losses. Lik,ewise> if €here are mor^ 
workers than jobs, those v/orkers with the lowest education 
levels or located farthest from, jo£)s are unable to find 
employment. 

The process operates on one class, at a -time, high-tincome 
first and low-income last. Any high-income workers who 
cannot find jobs are first tio be coiisidefed for fniddler- - 
income jobs, arid any middle-income workers who cannot firid 
middle-income jobs' are the' first to be consider^ed for low- 
income jobs. Thus, unemployment telnds to be ^pushed toward 
the lov;er classes, although that, is , not always the case. 

The^first part of the employment process is the selec- 
tion of the least cost route from each class living on a 
residence parcel to each employment location. When a pop- 
ulation group selects, a least cost route, it evaluates both 
the time (dollar value of time) and actual dollar cost of 
each mode and route. Modal usage is also a factor, since 
overcrowded modal usage causes delay in time. The workers 
perceive the previous round's mode and, route usage. Each 
class is willing to pay up to a fixed percent of. the income 
which it would earn at a job in order to get to the job. 

After the least cost route has been selected from each 
Pi's residence to each employment location, each PI applies 
for the job which nets it the greatest amount of money 
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(salary offered less the transportation cost to get there) 
A PI perceives a somewhat higher salary at its previous job 
than IS actually offered there. If the net income which 
the PI would receive ac its old job is perceived to be' ■ 
highest* the .PI takes its old job back and looks no further. 
A PI does not even consider taking a job which it is boy- 
cotting. - 

After all Pl«s who find their old* jobs to be ,their 
best jobs have taken their old jobs, the remaining Pi's 
seeking employir.ent compete for jobs on the basis of their 
educational levels. Of the applicants for remaining job 
openings, an employer selects those with the highest educa- 
tion levels firsts Those Pi's who are no€ hired fc their 
best jobs then seek employment at their next best jobs. The 
process is repeated until either all of the job cneniftgs ih 
the class nave b«en filled or all 6f the Pi's In the cldss 
have been hired. There is one type of exception to the^ 
latter case: a PI which cannot f ihd i -jobHWithln its max- 
imum transportation range remains lihemplpyed. ' 

. The employment process then operates 6h the/.next lower 
class,, any Pi's from the previous class b^iiig'tfie first" 
considered for jobs. ^ ^ . , 

After the employment process has-been run fot all ' 
three classes, transportation routes and cbnaestion are * 
recalculated using the origins and= destinations created 
in the empioyment process. All classes are assigned simui- ' 
taneously to the least cost routes in 'tim^ and money from 
their residences to their jobs, considering the previoui ' 
round s usage of modes and routes. If there are any great 
changes in congestion between rounds after .^li have been 
assigned routes, the transportation process is run again, 
considering the new usage., the process, is repeated until - 
there IS no great change in congestion between- two succes- 
sive, iterations. Pi's pay only the final actual dollar 
cost to travel; the time dollar cost is used for route 
allocation only. 

The Full-Tim e Employment and Transportation Outp ut 

Detailed employment information prints for each class, 
low-class 'first and high-income last. Within a sinale class's 
output all of the in forma, tion pertaining to those of the 
class living on the same residence parcel is printed together. 
The order m which the- iriformation for each parcel is printed 
IS from left to right, top to bottom across the board. 

The first column contains the coordinates of the resi- 
dence parcel. The next column contains the location of 
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each employer for which Pi's in the class on the parcel work. 
The first row always shows the number of Pi's who are unem- 
ployed on the parcel. For each other rov/, the output shows 
the number of Pi's working at the emplpymen*: location, the 
salary earned per worker, the total number of time units 
spent traveling to work, the total automobile cost paid 
per worker, the total bus cost paid per worker, the total 
rail cost paid per worker, and the route and modes which 
the populatiqn units take to work. All Pi's, of the same 

class living on the same residence parcel and^working for 
the same employer take the same route and modes. The route 
printed is traced from, employment ^location to residence loca- 
tion. The intersection at the start of travel, the inter- 
sections passed, the intersection at which a new mode Is 
used, and the last intersection (that of the residence parcel) 
ara listed in order. An intersection is a four or five digit 
number which fneiy be' preceded by a bus or rail route number if 
the PI got of f ;the bus* or rail ' syltem at that intersection. 

Next to some employment ioca^trons ,kr% parentheses con- ' 
taining the name of a government depSrt 

|FSE'. A^ government department has 4 parc?^! desi^^ as 
its. employmerit .center.* That parcel 4d(es hlDt : nec^ 
have government activity on it;\it is iferely us<§d as a cen- 
tral hiring location because 'although ^ departfiient can have 
facilities on several parcels/ it liiires centrally as a 
whole. The letters 'FSE' denote Federal-Estate employment 
centers such as state, departments and- fMerdi installations. 
FSE is a -catcK-all cStegc^ry :;f6r^msj:iellan local employ- 
ment. An FSE only hires*; it has none' ^of the bth^r charac- 
teristics of a busines^s or local government department. 

The Part-Time Employment Process 
* *" 

A social decision-maker can allocate time units for 
his population units to spend in part-time work. Social 
decision-makers realize that their population units seldom 
receive all the extra work for which time was allocated. 
As with the full-time employment allocation process, the 
Pi's educational level is the most important factor in the 
assignment of part-time work units to extra work time allo- 
cation. 

The supply of part-time work units, eighty of which 
are equivalent to one » full-time job, is primarily determined 
by the levels, of business activity in the system. Each 
business type has a fixed niamber of time units of part-time 
work for each class for each level of operation. In addi- 
tion, a variable number of part-time work units (jobs) is 
provided by the School Department. 
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The school department in- each jurisdiction orovides 
public adult education according to the number of middle 
and high-income part-time work units it hires. This speci- 
fication obviously can flufctuate considerably round-to-round, 

Two lists — one supply of and the other demand for 
part-time work units — are created for each population 
class. The suppliers of part-time work units aire ordered 

J^'^^^l offered (proportional to full-time wage 
offered) with the highest salary placed first. Each entry 
on this list contains a location, a full^-time. salary per 
worker, and an amount of part-time work units available. 

Each entry in the demand for units list is comprised 
of a -residence group for y/hich allowed time for extra work 
as defined by a parcel location, ah average education level," 
and an average time allocation for extra work.* The. number 
of Pi's in .each group ^ is the final item of information. 
This list is ordered on the basis of averag'e education 
level with the highest levels first. ' , 

For each complete pass through the list of residence, 
groups, the part-time work alldcatipn process attempts to* 
assign by class ten- units of extra work to each population ^ 
unit which has an unfilled extra work allocation. ".The 
process continues* until either all requests (unfilled allo- 
cations) are filled or until the supply of part-time work 
units is exhausted. 

First, the residence group at the. top of the list 
(i.e., ^the one with the highest education level of. those 
groups who have not yet been - assigned work in that particu- 
lar pass) is examined. The number of Pi's -is multiplied 
either by ten or by a figure less than ten (if there are 
less than ten unfilled extra work time allocation units 
remaining) in order to obtain the group's request for part- 
time work units. For example, assume in the first pass 
that 6 PH's at 10026 have the highest education level and 
that the social decision-maker allocated 25 time units to 
extra work for each PH. The total demand ^ for units of this 
group in the first pass is sixty (60). These population 
units will have their employment request of sixty part-time 
units met before any other high-income population units 
are considered. 



Pi's of the same class v;ho live on the same parcel. Each 
PI so grouped has averaged, and thus identical, characteris- 
tics such as education-^level and tihe allocated for extra 
work . 
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Once the request is determined, the job supply list is 
examined. For each potential v;ork location, a shadow auto- 
mobile transportation cost per worker is calculated. This 
value is subtracted from the salary per worker to obtain a 
net income per worker which is used to detearmine the best 
job. Units from this best job are assigned to^the residence 
group up to the amount of their request. If that particular 
job has an insufficient supply of .part-time unit's available, 
the remainder of the request must be met by the second best 
job, and so on . 

After the job* units are assigned to the particular 
residence group, their per PI unfilled extra work time 
allocation units are decremented by ten (or the figure less 

than' ten) and they are- placed at the bottom of the residence 
group list. Of course, if the residence then has no more 
units to be filled, they are dropped from further consider- 
ation. , ^ ' 

Subsequently, a different residence group appears at 
the top of the list and the assignment process proceeds in 
the identical fashion. This continues until either of the 
two mentioned termination criteria are reached. High-income 
population units may not ^be assigned middle or low-income 
part-tii?.e jobs, nor may middle take low or high, and so 
forth. Within an income class, the only case in which a PI 
would receive a part-time job "before another Pi with a 
higher education level is the case in v;hi.ch^ the latter 's 
shadow transportation cost exceeded the remuneration expected 
from the particular job. 

Note: The route which a Pi takes to a part-time job is 
the least-cost rouue, but road congestion is not a factor, 
and auto is the only mode allowed. The costs used in part- 
time job and route selection are the peak-.hour transporta- 
tion parameters, but a PI pays a dollar cost and spends an 
amount of time travelling proportional to the number of 
time units spent in part-time work. For example, if a PI 
spends 20 time units at a job to v;hich the least full-time 
transportation cost is $200 and 4 time units, the PI is 
charged 20/80 of those amounts, or $50 and 1 time unit. 

The base auto cost used in the trip to full-time 
employment is used as a base cost in part--time employment, 
so a PI also pays a portion of that base cost to get to 
part-time work. 
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The Part-Time Employment Output 



One output is printed for each class, high-income first 
and low-income last. The first column shows the coordinates' 
of the residence parcel. The second shows the. location of 
one employer for whom the class on the parcel has been 
assigned part-time work. The location 'ADED'. indicates that 
the class is working for a School Department's adult educa- 
tion program. The third column is the total number of part- 
time' work units which the class on the parcel is filling at 
the employment location. The fourth contains, the full-time 
salary offered per worker at the employment location. S'ince" 
a full-time job' is equivalent to 80 time units in part-time 
work, a class which filled' 60 time units at a particular 
employer would receive 60/80 of the total salary paid" to a 
Pi in its class working there full-time. 
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Figure III 3.4 
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Employment Sununary 

This shov;s overall employment statistics for the simu- 
lated region. The list includes the follov;ing summary infor 
mation for each class: the number of residence parcels 
occupied by the class; the number of Pi's employed in jobs 
of their own class; the number of Pi's taking jobs in the 
next lower class; the number of unemplo7ed Pi's; the total 
number of Pi's in . the class living in the simulated region; 
the total number of part-time units worked by the class; 
and the number of job openings for the class which were left 
unfilled. 

This output is the single most useful section of the 
employment output for an observer to use in quickly evalua- 
ting the local employment situation. 



Employment Centers 

This output lists information concerning Federal-state 
employers and the locations of local government employment 
centers. The director specifies where Federal-state em- 
ployers are located, how many Pi's they attempt to hir, and 
the salaries they offer. This output shows that information 
?nd the number. of jobs which were actually filled at each 
Federal-state employment location. 

The director can also designate locations from which a 
local government department hires. If the director does 
not designate a parcel as a departnent's employment center, 
that department has the whole region as its hiring location. 
That is, a prospective employee has; no location to which 
to travel for work. An employee's transportation time and 
dollar cost is the average automobile time and dollar for 
workers in the region. He does not contribute to road 
usage because he has no specific destination. 
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4, COMMERCIAL OUTPUT . 

The Commercial Allocation Process 

All people and businesses and tv;o government departmen t 
purchase goods and services each round in order to function • 
People and residence ov;ners (for residential maintenance) 
purchase from Personal Goods (PG) and Personal Services (PS) 
establishments; businesses, schools, and municipal services 
purchase from Business Goods (BG) and Business Services (BS) 
establishments • The procedures for allocation of PG and 
PS buyers to sellers are identical • The procedures for 
allocation of BG and BS buyers to sellers are similar to 
the PG and PS allocation and identical to each other • The 
computer program performs the entire allocation process, 
but is affected by player decisions. 

Each 'user of goods and services requires a certain num- 
ber of consumption units. A consumption unit is an expres- 
sion which represents a quantity to ^be purchased, regardless 
•of what items in reality comprise that quantity. The quan- 
tity of goods or services which a seller can provide is also 
expressed as a certain number of consumption units. Each 
seller of goods or services sets a price which must be paid 
for each consumption unit purchased at his commercial esta- 
blishment. Usually PG and PS prices are similar and BG and 
BS prices are similar. The quantity v;hich each buyer of 
goods and services must obtain is indirectly derived from 
player decisions by the computer program. The program 
relates the local supply to that demand in the commercial 
allocation process, which simulates the decision of each 
buyer as to where it will purchase its required gopds and 
services . 

- ' The'^PG'=T^'S allocation process is run before the BG-BS 
allocation process. A description of PG allocation suffices 
' as a PS description. 

The buyers of PG are- each class living on each residence 
parcel and each residence unit incurring maintenance. Pi's 
buy for themselves to live; residence owners buy goods for 
maintenance only. All of the same class living on the same 
residence parcel purchase at the same PG; a r.esidence owner 
buys all of a single residence parcel's maintenance at the 
same PG. 

r* 

Each buyer of PG attempts to purchase from the PG 
establishment at which it can obtain its goods most cheaply. 
The buyer's cost per consumption unit (CU) is the cost per 
CU at the establishment plus the least transportation cost 
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per CU to get from the buyer's location to the establishment. 
There are two additional factors in a buyer's perception of 
a seller's price. One is the buyer's bias tov;ard shopping 
where it shopped in the previous round. The other i's z^z 
buyer's bias against shopping at an establishment which was 
overused in the previous round, i.e., an establisliment at 
which more CU's v;ere sold than the establishment could ade- 
quately provide. There is no absolute limit on the amount 
which a PG can sell, but as it sells more than its effective 
capacity to provide, its service deteriorates. 

Each buyer selects the PG establishment at v;hich it 
incurs the least perceived total cost. A buyer does not 
even consider selecting a PG v/hich it is boycotting. All 
buyers choose simultaneously, and then reevaluate their 
selections in light of the new usage. The evaluation pro- 
cess is repeated until no commercial establishment changes 
its usage on two successive reevaluatiphs . The cost which 
a buyer pays is the actual price at the PG which it selects 
and the actual least transportation cost to get Ho that PG. 

There is on^ competitor for local PG establisliments : 
the Outside. The Outside is treated the same as any other 
PG in the allocation process, but its price is higher than 
the typical local price (see Master Tables for Qutside prices 
and typical local prices). There is, however, no transpor- - 
tation cost to shop Outside, and no crov/ding effect. A PG 
buyer purchases Outside if the Outside price is less than 
its least perceived local cost to shop. The Outside has 
unlimited capacity. 

Output 

There are four main parts to the commercial output: 

PERSONAL GOODS ALLOCATION SUMt-IARY 
PERS0N7VL SEiWICES ALLOCATION SUMMARY 
BUSINESS GOODS ALLOCATION SUMMARY 
BUSINESS SERVICES ALLOCATION SUMMARY 

Again, an explanation ' of PG applies, to a great extent, 
to the other allocations. 

The first section concerns PG establishments. Each PG 
has a code number. The Outside is always code number one. 
In the row beside the code number are the location of the 
PG, its ovmer, development level, effective capacity (in 
CU's), the number of CU's sold, the price charged per CU, 
and the PG's gross income (price per CU times CU's sold). 
The Outside has no owner, level, or capacity. 
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The second section provides detail on all purchases of 
PG. The table contains one rov; for each purchaser of. PG. 
The list is ordered by residence parcel location, from left 
to right and top to bottom across the board. For a single 
parcel, the list is in order of residence, lovz-income, 
middle-income, high-income. The first column contains the 
code number of the PG at which the buyer is shopping.. The 
second column contains the coordinates of the residence 
parcel and the third identifies the type of buyer on the 
residence parcel (RA, RB, RC, L0V7, MID, -or HIGH). Next is 
a single letter identifying the decision-maker controlling 
the residence or class. For a residence, the letter denotes 
an ecDnomic decision-maker; for a class, the letter denotes 
a social decision-maker . 

The number of consumption units v;hich the buyer has 
obtained is the fifth item- of information. The^ number of 
CU^s required is calculated by the program but is affected 
by .player decisions. The calculations are different for 
residential maintenance than for Pl*s. A residence depre- 
ciates each round in response to seyeral factors: normal 
depreciation (fixed), quality of local municipal services, 
sufficiency of local v;ater for fire protection/ and floods. 
Only the normal depreciation is hot responsive to local 
conditions. As a residence depreciates, it becomes less 
attractive to people seeking housing. A residence ovmer can 
offset depreciation by setting a maintenance level for the 
residence. V7hen the residence depreciates below that main- 
tenance level, the program automatically calculates the 
number of PG and PS units required to restore the residence 
to the maintenance level. The values of the factors v;hich 
affect depreciation and the number of PG and PS units required 
for each 1% maintenance are shown on the Master Tables. For 
example, suppose that an RB had a quality index of 70 and a 
maintenance level of 70, and that the Master Table shov/ed 
that RB requires 4 PG units and 2 PS units per 1% maintenance. 
Suppose that the residence depreciated a total of 3% (3% of 
100, not of 70). The RB would automatically purchase 3x4, 
or 12 units of PG, and 3 x 2, or 6 units of PS. 

The total consumption of a class living on a single 
residence parcel is a function of three things: the class, 
the amount of time allocated to recreation, and the number 
■of Pl*s in the class living there. The fixed number of PG 
and PS units required by \a PI in each class are shov/n on the 
Master Table. The amount of time allocated to recreation 
is set by the decision-maker controlling the class on the 
parcel. The Master Table shows the number of PG and PS 
units which a PI must purchase for each time unit spent in 
recreation. Suppose that there are 6 PM*s on a parcel and 
that they have allocated 10 time units to recreation. 
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Suppose further that the Master Table .shows that a PM 
requires 28 PG and 11 PS units per round, and .05 PG and 
• 05 PS units per time unit in recreation. The 6 PM's 
would require: 

28 X (10 X .05) X 6 = 84 PG units^-and 11 x (10 x .05/ x 6 « 

33 PS units. 

The transportation cost, the six^h column, is the total trans- 
portation cost which the buyer pays to obtain PG. The transportation 
cost is always zero if the buyer purchases from the Outside. 
The transportation costs printed for residences are dummy 
costs used for the purposes of assigning residential main- 
tenance purchases to PG establishments; no one ever pays that 
cost. 

The last tv;o columns shov; the total purchase cost paid 
by the buyer to the PG establishment and the toial cost paid 
by the buyer for the personal goods and transportation (col- 
umns six plus seven) . 

The Personal Services Allocation Summary contains the 
identical types of information regarding detail oh buyers 
and sellers of personal services. 

. The Business Goods and Business Services summaries are 
also identical regarding economic sector buyers and sellers, 
v;ith a fewminor exceptions in the economic sector. For one, 
PG and PS buy from EG and BS in ' spohse to thdir salos 
resulting from the personal comnn^rcial allocation.. The 
Mastei: Table shov;s how many units of BG and BS a PG or PS 
must purchase for each CU v;hich it sells. , 

A basic industry requires a fixed number of BG and BS 
units each round. The fixed number is the number which the 
Master Table shows as being required for a level one of the 
industry type. That amount times the industry's level is 
the industry's fixed consumption. 

Businesses depreciate annually due to several fac* 
tors. Like residences, businesses may offset depreciation 
through maintenance. The Ma'ster Table shows the number of 
BG and BS units required per 11 maintenance for each business 
type. 

Business Goods and Business Services are the only 
business types which never pay for operating costs and main- 
tenance costs locally. They purchase from the Outside. 

The major difference betv/een the BG-BS and PG-PS 
allocation processes is that BG and BS can have contracts to 
provide local schools and municipal services departments 
with their required goods and services; A departm.ent can 
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contract with several local goods and services establishments 
for up to a total of 100% of its requirement. If less than 
100% of a department's requirement is contracted locally , 
then the rest is automatically purchased from Outside at the 
Outside price. Government contracts with BG and BS esta- 
blishments are made by players; they enter into the commer- 
cial allocation process only in that they consume BG and BS 
capacity before the other BG--BS buyers select shopping loca- 
tions and thus decrease a BG's or BS ' s remaining capacity. 
Sellers to government are assured of government purchases. 
The number of units which a department consumes is^ the sum 
of the operating needs of its facilities (number of levels 
times a fixed requirement per level) and its mainten. -ce 
requirements. Both BG and'BS allocation summary outputs 
have a table showing where government departments are buying 
BG and BS , how many units are consumed by each department, 
and the total income to the BG or BS establishment for those 
sales. 

i 
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5. Terminal Allocation Output 



Heavy industries, light industries, and business goods 
use terminals. Terminals represent major shipping and 
receiving points through which those businesses interact 
with the Outside system. 

A -business is assigned by the program to the terminal 
to which it^has the least transportation cost. However, 
terminals have capacities, and a terminal's usage affects 
a businesses perception of the transportation cost to get 
there. The allocation process is similar to the commercial 
process in that terminal users are assigned to terminals 
simultaneously and then reevaluate their choices in light 
of the new allocation. However, there is no Outside ^ terminal . 
Since the only cost to a terminal user is the transpprtation 
cost, It uses the best terminal it can find,' i.e.> the one 
to which the transportation cost weighted by its usage ^is 
least. The user pays only the actual transportation cost; 

The terminal output lists the location of each terminal 
user, the type of economic activity, and the number of. ter- 
minal capacity units consumed by the user. It also shows, 
for each terminal, the terminal's code number, its location 
(terminals are located at intersections) , and its develop-r 
ment level. The capacity of a level one terminal is shown 
on the Master Table. A terminal's capacity is its develop-- 
ment level times the capacity of a level one tenninal. 

The t^ 'nal output also includes a map showing the 
geographic aistribution of terminal users and terminals. 
Each parcel on the map contains a single digit, v;hich, if 
non-zero, is the code number of the terminal v^hich the eco- 
nomic activity on that parcel is using. Terminals are iden- 
tified by their single digit codes, are located at intersec- 
tions, and are surrounded by asterisks. . 
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Figure 4.6 
TERMIMAL DEf'IAND AND SUPPLY TABLE 
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E. SOCIAL SECTOR DETAILED OUTPUT 

!• * Dollar Value of Time 

The social sector has four types of resources: 
time, voting power, money, and the power to boycott. The 
first two are unique to this sector, but it is through time 
allocation that social decision-makers can increase their 
voting strength. Time can be allocated to extra work, adult 
education, politics and recreation. Time is not specific- 
ally allocated to transportation to full-time work, but 
trans'portation makes the first claim on allocatible time; it 
decreases time available before time allocated to any other 
activities is considered by the program. The more time which 
a PI spends travelling to work, the less time it has to 
spend in other more personally useful activities. A jdecision 

maker or the director' can aff.ect the cuuount of time which .Pi •s 
spend travelling through the decision; to specify the dollar 
value of a time unit travelling. 

The computer assigns all population units to modes _ 
of transportation to and from work on the basis of least 
cost. Least cost includes transportation charges (which 
differ according to mode of transportation, type of road and 
amount of congestion) as well as the dollar value of time 
spent traveling. The social decision-maker or director is 
able to specify the dollar value of one time unit consumed 
traveling to and from work for each of the classes. As the 
dollar value of a time unit spent traveling increases, there 
is a greater chance that the computer will assign a more 
expensive but quicker mode of transportation to work (i.e., 
via automobile or rapid rail rather than' bus) . The following 
example will demonstrate how the computer considers the dollar 
value of time. 

Assume that the tranpsortation dollar costs 
for one worker i3 $150 per year to get to work by bus and 
$230 to get to work by auto. It also requires an extra 4 
time units to travel by bus instead of auto. 

If the dollar value of time for that popula- 
tion unit was set at $40 then $160 (4 x $40) would be added 
to the bus cost to arrive at a total cost of $310 to get to 
work by bus. To take an auto it costs $320 (ho extra time 
units consumed). .Therefore, the computer would assign the 
population unit the BUS mode to travel to work (since $310 
i-s less than $320) . 

In the same case, suppose the dollar value of 
time was set to $50 Then the total bus cost would be $150 
plus 4 time units t^mes $50 (dollar value) or $350. Auto 
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would cost only $320. Therefore, thB computer would assign 
these population units the auto mode to work (since $320 is 
less than $350) . 

A worker pays .only the actual dollar cost to get to 
work. The dollar value of time is used for route and- mode 
allocation purposes only. The dollar value of time repre- 
sents the worth of a time \ihit being spent in transportation 
relative to the time unit being spent in other activities. 
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2. Social Decision-Maker Detailed Output 

This output shows the characteristics and financial 
status of the Pi's controlled by a social decision-maker in 
each jurisdiction, in each class on each parcel. The 
characteristics and financial status of the Pi's in the 
same class on the same parcel are averages-. They can 
differ only in their employment locations and salaries 
earned. For all other purposes, the model uses averages 
for the whole group. 

The output contains one column for each parcel. 

a. Location and Number of Pi's 

The first two rows identify the residence loca- 
tion and number of Pi's in the class living there. 

b. Education Level 

A Pi's educational level affects its chances of 
obtaining a job. The higher its educational level relative 
to educational levels of others seeking employment, the 
greater its chances of getting a higher paying job. A 
social decision-maker can increase his Pi's educational 
levels by allocating time to adult education. Adult 
education represents an investment of time and money 
lesources to improve a worker's relative usefulness to an 
employer, whether the investment be in courses, reading, 
or skill and experience improvement. 

Public (free) adult education can be provided 
only by a jurisdiction's School Department, if the School 
Department of the jurisdiction in which a PI resides does 
not provide an adult education program, the PI cannot 
obtain free adult education. If the department does not 
provide enough adult education for the requests of the 
people in the jurisdiction, then all of the Pi's have only 
a portion of their requests satisfied. Pi's can also alloc- 
ate time to private adult education, which they are assured 
of obtaining (if they have enough time units remaining 
after other time allocations) but which is relatively 
expensive. 

c. _ Voter Registration Per PI 

Voter registration represents the maximum 
number of votes per PI which the decision-maker can cast 
in an election. If voting is done through the computer, 
a portion of the registered voters turn out for an election. 
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Figure -5,2 

T woe I TY 

SOCIAL CFCISION MAKER GG HIGH SOCIO-ECONOMIC CLASS 

♦♦♦♦♦♦ ♦It ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 



LOCATION 


8830 


9030 


NUMBER OF PP S 


13 


23 


EDUCATION LEVEL 


90 


81 


VOTER REGISTRATION PER PI 


?16 


216 


PREVIOUS SAVINGS PER PI 


256269 


130233 


PERCENT OF P1«S UNEMPLOYED 


0 


4 


INCOME PER PI 






EMPLOYMENT (FULL ) 


1 312615 


1292727 


EMPLOYMENT (PART) 


1603BA 


0 


WELFARE 


0 


204000 


Aft V ft ft A ft ft ft i ^ 

MISCELLANEOUS 


538 


0 


EXPENDITURES PER PI 




• 


RENT 


^ 322000 


276000 


TRANSPORTATION 






AUTO 


61551 


729B0 


BUS 


0 


0 


RAIL 


0 


0 


GOODS 


370000 


370000 


SERVICES 


15 5200 


155200 


SCHOOL (CHILDREN) 


39000 


39000 


SCHOOL ( ADULTS) 


0 


0 


HEALTH 


8000 


8000 


SALES TAX 


2289A 


2?89A 


INCOME TAX 


232500 


195756 


AUTOMOBILE TAXES 


908 


IA06 


MISCELLANEOUS 


0 


0 


SAVINGS PER PI 


2609A6 


355A91 


NEW BALANCE PER PI 


517215 


A85724 


TIME ALLOCATION PER PI 






TRANSPORTATION 


5 


15 


ILLNESS 


3 


3 


EXTRA JOB (2f>) 


10 


0 


EDUCATION 






PUBLIC ( 0) 


0 


0 


PRIVATE ( 0) 


0 


0 


POLITICS (15) 


35 


35 


RECREATION (10) 


10 


10 


INVOLUNTARY 


37 


37 


HEALTH INDEX 


2t 


25 


PERSONAL INDEX 


67 


116 


NEir.HBPRHOOn INHFX 


163 


162 


ENVIRONMENTAL INDEX 


246 


245 


QUALITY OF LIFE INDEX 


313 


361 



139 



The decision-maker can increase the fiKed minimum number of 
voters in a PI by allocating time to political activity. 
The increase lasts for one round only^ so a high regis- 
tration can be maintained only if time is allocated to 
politics each round. 

d. Previous Savings Per PI 

This is the average savings or deficit which a 
PI has from previous years. It is added to the new savings 
(the current round's income less expenditures) and becomes 
the new balance, next round's previous savings. 

e. Percent of Pi's Unemployed 

This is the number of Pi's who were unable to 
obtain full-time jobs expressed as a percent of the number 
of Pi's of the class living ^on the parcel. 

f . Average Income Per Pi 

The population living on a parcel can derive 
income from up to four sources: full-time employment^ 
part-time employment , welfare, and miscellaneous (cash 
transfers from other social or economic decision-makers or 
government departments). Welfare can be received only by 
those Pi's who are unemployed and is paid by the jurisdic- 
tion in which they reside, if that jurisdiction has a welfare 
program. 

g. Average Expenditures Per PI 

Most personal expenditures are only partially 
affected, if at all, by soci 1 decision-makers. A level of 
each residence type has a fixed ntamber of space units. A 
PI of each class occupies a fixed number of space units. A 
residence owner sets a rent per space unit and a PI pays 
rent on the number of space units which a PI of its class 
occupies. Although the rent charged at a residence is set 
by its economic sector owner and the residents must pay that 
amount, rent is a factor in the allocation of people to 
housing in the migration process. 

Transportation expenditures are incurred in the 
trip to work and to obtain goods and services. Auto, bus 
and rail may be used in the trip to work, but only auto may 
be used in commercial trips. All transportation routes and 
costs are calculated by the computer program. See the 
Employment Detail and Commercial Detail descriptions for 
more information on transportation costs. 
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The Conunercial Detail description also explains 
PI expenditures for goods and services, part of which xs 
affected by the amount of time which a PI spends xn 
recreation. 

A PI pays for private education for its children 
if local schools are inadequate. Students are assigned to 
schools by the computet. Middle and high income families 
have certain criteria for the. school in their district. If 
the school fails to meet tK.ie criteria, these students will 
be assigned by the computer to private schools at the expense 
of the population unit they represent. Those- criteria are* 
shown on the Master Tables. Students of the Jo^^jocio-eco-- 
nomic class go to the public school in their district regard- 
less of the hiQh and middle class criteria, unless their 
residence location is excluded from a district. The cost 
for private school varies by class and is shown on the 
Master Tables. A PI pays for adult education if it has 
allocated time to private education. There is a fixed 
cost per time unit spent in adult education. 



A 'PI has a fixed annual health expenditure 
which varies with the Pi's class. In addition to, that 
base amount, a PI on a parcel having surface water or 
adjoining a parcel having surface water incurs a greater 
expenditure if there are any coliform bacteria in the water 
See the Master Tables for the precise costs. 

There are three types of taxes which a PI may 
have to pay: sales taxes, income taxes, and automobil 
taxes. There is a fixed state sales tax rate on all f^^' 
chases of personal goods and services, regardless of whether 
the goods or services are purchased from local establishments 
or from the Outside. Local governments may also set tax 
rates on PG and PS purchases from commercial establisnments 
within their own -• arisdictions. That tax revenue accrues 
to the government of the seller's jurisdiction. 

There are fixed federal-state income tax rates 
on all Pi's total full-time and part-time gross income. 
Local governments may also tax the gross income of the Pl]s 
living in their jurisdictions and/or working in their juris- 
dictions. The tax revenue goes to the account of the juris- 
diction levying the tax. 

There are no fixed automobile taxes. Local 
governments may tax total automobile expenditures to get to 
full-time and part-time work by PL's living in their juris- 
dictions and/or working in their jurisdictions. 
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Miscellaneous expenditures are cash trans- 
fers made by the social decision-maker to other social or 
economic decision-makers or government departments* 

h. Time Allocation 

As mentioned above, social decision-makers 
allocate time for their Pi's to spend in extra work, adult 
education, politics and recreation. There are 100 units of 
leisure time available to each PI. Two types of time allo- 
cation are not set by a decision-maker: time in illness and 
time in transportation. The time uhits spent in those two 
categories are first deducted from a Pi's 100 available time 
rnits before any time is spent in other activities. 

Transportation time is explained above • . The 
number of time units which a PI spends in illness is equal 
to one-tenth of the health index on its residence parcel. 
The health index is a function of the uise' index of the munic- 
ipal services unit serving the parcel, the amount of over- 
crowding at the residence, and the amount of coliform bac- 
teria in the surface water on the parcel or on adjoining 
parcels. 

The computer program performs all of the actual 
time allocation process in response to decision-makers* 
time allocation requests. If, after time has been subtracted 
for illness and transportation, the PI has any remaining 
time units, it may enter the part-time emploionent process. 
The amount of time spent in part-time work is subtracted 
from the remaining time units, and if any time units remain, 
the PI may enter the adult education allocation process. 
Politics and recreation are processed last, in that order, 
and in the same fashion with regard to not exceeding the 
100 allocatable time units. 

All of the time which a PI allocated to a 
specific activity but was unable to spend in that activity 
contributes to "involuntary time". If during the time allo- 
cation process a PI uses up all of its 100 time units, no 
time may be spent in subsequent activities. 

All of t!^e allocated units in excess of 100 
become involuntary time. There are two other sources of 
involuntary time. If a PI cannot obtain all of the part- 
time work which it requests (due to there being a greater 
number of time units allocated, to part-time work than there 
are part-time jobs) the portion of the allocated time which 
was unfilled adds to involuntary time. The other source 
of involuntary time is the portion of a public aduit edu- 
cation request which cannot be met by local adult education 
programs. 



Involuntary tijne and transportation time con* 
tributes to a PI s personal index. Recreation time de- 
creases the personal index. 

A social decision-maker sets .the dollar 
value of a time unit travelling, for all of a class udard- 
wide. The dollar value of time of the high**income people 
controlled by BB, for example, cannot be different for those 
PH controlled by BB in jurisdiction 1 than it is for BB*s 
PH in jurisdiction 3. Social decision-makers can, however, 
allocate time by jurisdiction and even by parcel. A decision- 
maker's preferred time allocations appear in parentheses 
to the right of the row headings labelling the types of 
allocations. Any exceptions « for the decision-maker's prefer- 
ence on individual parcels show the preferred allocations in 
parentheses next to .the actual allocations for the parcel. 

1«. . Indexes 

The Social Detailed Output also lists the 
values of five indexes used in the migration process. See 
the description of Migration for details. 
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3* Social Decision-Maker Boycott Status Output 

Social decision-makers can boycott working for 
specific employers, shopping at specific PG or PS estab- 
lishments, or using either the bus or rail modes of trans- 
portation. A. boycott is in effect for an entire round and 
is continued until a decision is submitted to stop the boy- 
cott. The boycott output: has one row per boycott, showing 
the social decision-maker boycotting, the class boycotting, 
the function boycotted (work, shop, , or use), the location 
boycotted (0 if the boycott is against working for a govern- 
ment department), the land use boycotted (0 if the boycott 
is against a government department) , and the owner of the 
establishment being boycotted (department and jurisdiction 
if the boycott is against a government department) . 
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F. Economic Decision-Maker Detailed Output 

Each of the economic teams receives statistics at the 
beginning of every round of play that summarize the cash 
flow for the prev^'ious year, a balance sheet showing .let 
worth, loans made and received, new construction completed, 
boycotts in operation, undeveloped land holdings, and de- 
tail on all of its. businesses. The team may use any of its 
resources to achieve whatever objectives it desires. 

1. Financial Summary 

a. Cash Flow Statement 

A team's cash holdings can be used to pur- 
chase additional property, construct any of the types .of 
economic sector land uses on property that it owns and 
which is properly zoned and served' with utilities, construct 
any level or type of effluent treatment plant at a busi- 
ness which it owns, demolish any builuxng it owns, pay off 
loans, grant a loan to another team, pay taxes on undevel- 
oped land, or spend it in some miscellaneous way (cash 
transfer to another team and purchase of national stocks). 

Additions to the new balance (i.e., cash) 
come from income derived by selling property, receiving 
payment from loans, receiving loans, earning net income from 
investments (developments and farms) in the local economy, 
receiving government subsidies, earning interest on savings,* 
and from miscellaneous sources (cash transfers from others 
and sale of national stocks) . - . 

If the team makes no decisions during a par- 
ticular round, it is still charged interest -and principal 
payments on loans and taxes on undeveloped land. The team 
also automatically receives loan payments, interest on 
savings, and net income. This latter figure, however, may 
be a negative number if the developments of a given team are 
doing poor business and their expenses exceed income. 

♦Interest earned on savings is 2.5 percent. The cal- 
culation of interest on savings is: 
PCB = previous cash balance 

N = total net income from businesses this round 

E = total expenditures this round, except expeiiditures for 

business operation, which are already accounted for in N. 
Interest = .025 (PCB + M - E) . 
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Figure 6.9 



TWOCITY 

.^^'^^'^^^^^^^^'^^^Y—^^^NOMIC OFCISIRN MAKER A 



CASH FLOW STATFMENT 



PREVIOUS CASH BALANCE 



EXPENDITURE 

PROPERTY PURCHASEO 

CONSTRUCTION 

DEMOLITION 

LOAN PAYMENTS 

NEW LOANS GRANTED 

UNOEV LAND TAXES 

MISCELLANEOUS 



$ 
$ 

$ 

i 
$ 
$ 



180000000. 



' 8080. 
,256000000. 
9509999. 
619^1512; 
0. 

A6403A6. 
lOOOOOOO. 



INCOME 

PROPERTY SOLD 

LOAN PAYMENTS RECEIVED 

LOANS RECEIVED 

TOTAL NET INCOME 

SUBSIDIES 

INTEREST ON SAVINGS 
MISCELLANEOUS 



NEW BALANCE 



CONSERVATIVE INVESTMENTS 

INCLUDING A RETURN OF 

SPECULATIVE INVESTMENTS 

INCLUDING A RETU«?N OF 



i 
$ 
% 
i 
$ 
i 
$ 



97000. 
2757808. 
p. 

53077792. 

0. 
0. 

800080000. 



747572736. 



0. 



0. 



TOTAL ASSETS . $ 1488160256. 

CASH $ 0. 

LOANS TO OTHFPS $ 4999999. 

INVESTMENTS IN OUTSIDE $ 0. 

DEVRLOPMFNTS % P^'^OOOOOO. 

LAND % 495507584. 



LIABILITIES ( INDFBTCDNFSS) 
NET WORTH 



% 



76074384. 
1412085760. 



NFW Br^PPO'.^i^jf, CAPABILITY FPO^ DUTS I^l" ^ 



1 1 l4A5'^«i04. 
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b. Investments 

The second part of the Financial Svmunary output 
shows investments in the national economy. A team may in- 
vest as much cash as it wishes in either conservative or 
speculative national businesses. The national business 
cycle generates the year by year rate of return for con- 
servative stocks and for speculative stocks. In upswings in 
the business cycle ^ the rate of return on speculative stocks 
vrill always be larger. The range for the rate of return on 
conservative stocks is narrow and centers on six percent 
Whereas for speculative stocks the range is wide and it 
centers on about seven percent. In bad years ^ however, the 
return on speculative stocks could be very small or even 
negative. The return from national investments is auto- 
juatically used to purchase additional . stock. A team must 
"dis--invest" in order to have retur^ns from national invest- 
ments show up in the cash account. 

c. Balance Sheet — ' 

A team's assets are comprised of cash on 
hand, leans to others, the value of investments in the 
national economy, and the value of developments and land. 
Developments are valued at their typical construction costs 
times their value ratio divided by 100. Thus, developments 
that are not maintained decrease in value over time. Land 
is valued at the market value. 

A team's liabilities are the hym of the prin- 
cipal on all loans from others (indebtedness). Net worth 
is the difference between current assets and liabilities. 
Teams may borrow up to 80% of their total assets from 
national bankers. The amount which a team can borrow from 
outside is shown on the last line of this output. There 
are no limits on the amount of debt that teams may have 
among themselves. 

2. Loan Statement 

The loans that a team has with national bankers 
(outside = OU) and with other teams are shown in the loan 
statement. The loans received from other sources are listed 
and their annual payments summarized. The loans granted to 
other teams are listed after that. Note that the interest 
rate may vary by loan. 

Loans between teams are made for any amount and 
at whatever interest rate is mutually agreeable. The 
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only conditions on a loan internal to the system is that 
Ihl specified as either 2 or 25 years, andl^at 

the lending team have sufficient cash to cover ^he loSI! 

outside svs?^''?n?"i-^^^^ the 
Merest rf^p fJ l2l t ^t'^ a 2 or 25 year period. The in- 
terest rate is set by the national bankers who take into 

?eS^1hff iL' ,^h^,^-tional business cycle. An economic 
nn^.o^^ ^^^.^^ equalling 80% of its total assets may 
not receive any further loans from the outside system. 

3. Land Sturanary 

, Summary output shows the location bv 

parcel coordinates of all land owned by a team! It a^so 

that'l^Sl "Vtl""^ entire parcel assS^tnl 

that 100% of the parcel is valued in the same propoition ■ 
as the private part) , the publicly owned part (pe^cen^ 
developed and undeveloped), the undevelopable pe?^^,^? - 

TatcT^il^°LT'-^l °f ^'^i^*^^ ^^^^i^^ a?ailabirS^^hat 
Isld, °^ utility units that are 

Teams may acquire land from other players at 
suSJfii^ agreeable terms or from the directo? on a b?d 

an^outs?de ^fid'h ^'S' represents small far^ers^ 

ana outside land holders who will sell if the price is riahi- 
The game director controls the sale of OutsJde-'^owned L^d! 

prooertiPs^?^ Co!*" f ""^^^""^ ^^""-^ ^^^^ °^ Outside-owned 
aardlP^^ nf ^-2^ Percent of the bid amount, re- 

leclirMasterlabiel).^^^^^^^ °^ '^'^^^^ ^^--^ 
4. New Construction Table 

A^^-^- construction output shows for an economic 

fn add??Ion^?^'^%'°r^^°^ ^^^^^ ^ ^^'^ development or 

i ""^i ^^""^^ °^ development is taking place. It 
also shows the type of development/ the old and new level 

the sa?L5 'i T^i^*" P^"" ^P^^^ ^"i*^ (if 3 residence)- or 
the salary by class (if an employer) , the quality index (if 

statiS'^ "^ompfefi"' ""V^ s^ore) ,\nd tL'SonLijt 
ational* K*'^^ means that the development became oper- 

ational at the beginning of the round just completed. 
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5. Economic Boycott 

Economic teams may boycott. the purchase of goods 
or services from local BG, BS, PG, and/or PS establishments, 
and their businesses can be boycotted by the social sector 
as a place to work or shop* Boycotts have effect for the 
full round r and they continue in operation for succeeding 
rounds unless terminated by a decision input on the pax of 
the boycotting team. The boycott output shows the team 
boycotting, the income class or land use that is carrying 
out the boycott r and the function being boycotted (work 
or shop) • The boycott output also shows the location and 
land use being boycotted, and the team owning the boycotted 
business. 

Thus, boycott information appears as part of an 
economic decision-maker's output if he is boycotting and/or 
if he is being boycotted. 

6« Farm Output 

The farm output shows for each farm the farm code 
number, the type of farm, the number of parcels comprising 
the farm, the total number of percents of parcels comprising 
the farm, the farm's fertilizer level, the rtormal income 
per 1% of that farm (at fertilizer level zero and before 
local property taxes are deducted) , the multiplier on normal 
income for each of the three other possible fertilizer 
levels, the actual income per 1% of that farm (before taxes), 
the total local property tax paid, and the total net income 
earned from the farm. 

An economic decision-maker can make two types of 
decisions regarding farms: 1) set the fertilizer level at 
each farm; and 2) sell land on farm parcels. The higher 
the fertilizer level at a farm, the higher the actual net 
income before taxes and the greater the amount of pollution 
in the farm's runoff. A farm owner can either sell all of 
the farmland on a farm parcel to another economic decision- 
maker (in which case the parcel ceases to be classified as 
a farm) or sell part of thp parcel to a government depart- 
ment. 

The farm code number and farm type are fixed at the 
beginning of a game. They cannot be changed. The number 
of parcels and percents of parcels comprising a farm can be 
decreased but not increased by the farm owner. The normal 
income before taxes per 1% of a farm is also fixed at the. 
start of a game. That income is multiplied by the multiplier 
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Figure '6.5 



TwnCITY 

ECONOMIC DFCISION MAKER ^ BOYCOTT STATUS OUTPUT ROUNO ? 

BOYCOTTING BOYCOTJED 



CLASS OR 

TEAM LAND USE FUNCTION LOCATION LaNO USE OWNER 

A MF ,SHOP 9810 B6 C 

A FO SHOP 9830 B6 C 
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^nfnJi ? "'-''u ^^^""'^ fertilizer level to yield the 
actual income before taxes. The assessed value of f am 
JSp^r^^o^"^ property tax rates are set by ^Se locfl gS^^ern- 
^Zt. ^^^'^^ taxes is'^multiplied by the 

JrsuSt^fr?.^^?"*'' is ""^^ ^^"^ total land tax paid 

IS subtracted from that result to yield the total net income. 

7. Residence Detail 

iPVPi n> '^^t ^^sf^e"ce Output shows the location, type and 
level of each residential- complex owned by a team All 
fttionoh^^n'^ ""^t described as Lntal units' 

as a fn^,« nf °" ^^"^^^ ^^^^^ housing could be viewed • 

and ooeSt?^n n?^^^^-^^^"'^"*^* Although the construction 
and operation of housing is a player decision, the process 

that moves population units into housing" is performed by 

n^™,-^°"'^S*'^'' affected by player decisions in the eco- 

nomic and governmental sectors. 

The economic decision-maker directly controls the 
rent of housing and its quality index (by changing the main- 
tenance level) . Government decision-makers affect the quality 
?L services and schools serving each resident and 

o^^h^ •5*'^ welfare rate for the jurisdiction containing 
!* Both, government and economic decision-makers 
arf ?L^^^•n?^^'' quality on a parcel. All of these factors 
are taken into consideration by the computer when assiqninq 
population units to available housing. . ^ 

a. The Quality Index and Maintenance Level 

, . , ^ The quality index of a residence is a measure 

of the present value of a development to the best possible 
value which a residence can have. The Social Sector Master 
Table shows that PH's require a quality index of at leasi 70, 
l^ll V^^""^ °^ ^^'^ ^ ^^1"^ °f 20. This doel not ' 

I^nvS'.nr^rj' ^'-^^^ PI'S of a given class automatically 
™?n?n,n^ when the quality index falls below the 

minimum value. They just won't move in, and they tend to 
move out because of increased dissatisfaction. 

^ ^. ^ The quality index declines each year in response 
to time, the quality of local municipal services, increased 
Hnf^vn insufficient water supply, and damage 

^h! T.iti ' "^?^^^f 'I^aintenance is performed on the residence. 
The maintenance level indicates the lowest level the owner 

inanrtinn^ttr^^ ""^^^ ^^^"^'^ quality index to fall before 
incurring maintenance expenses. The quality index can be 
raised above its present level by the player inputcing a main- 
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Figure 6.2 

ECONOMIC DECISION MAKER F RF^IOENCE OlifPUT aniiian 
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MS DISTRICT 
UTILITY DISTRICT 



DEPRECIATION 
MS 

FIRE 
FLOOD 



(X) 



MATER CONSUMPTION CMGD) 
MUNICIPAL 
OUTSIDE 

OCCUPANTS 
PERCENT OCCUPANCY 
RENT/SPACE UNIT 

INCOME 
RENT 

EXPENDITURES 

MAINTENANCE 

UTILITIES 

WATER 

PROPERTY TAXES 
INCOME TAXES 
SALES TAXES 

NET INCOME 

RATF OF RETURN 

ENVIRONMENTAL INDEXES 
LOW INCOME 
MfORLC INCOME 
HIGH INCOME 



9232 
RC I 
ftO 

ao 
1 
1 



1.0 
0.0 
0.0 



0.96 
0.0 



8M 12H 
69 
1 53000 



5304000 

1238000 
1134900 
155520 
512244 
B75000 
54010 

1334326 

5.93 



33i: 
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8634 
RA 4 
75 
75 
1 
1 



1.0 
0.0 
0.0 



0,39 
0.0 
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154000 



1437333 

118R00 
155200 

3*:;so 

74 368 
309750* 
5186 

739649 

21.13 



268 
246 
24fi 
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tenance level that is higher than the quality index. The 
quality index may not be -.aised more than 20 points above 
the lowest level it has ever reached. 

b. MS District 

As was mentioned above, ^the quality of the 
municipal services (as measured by the MS use index) serving 
a residence has an effect on the attractiveness oZ that resi- 
dence to potential occupants and on the rate of depreciation 
(decline in quality index) for that residence. The residence 
output shows the code number of the municipal service unit 
that serves each residence. The use index of each MS dis- 
trict is shown on the Municipal Services Report and on the 
Municipal Services Map. An MS use index value of 101 or 
more indicates overcapacity and means that the municipal 
services supplied are less than adequate. As the MS use 
index increases above 101, the residences served by that MS 
building become less and less attractive to Pl*s and the 
residences also depreciate at a faster and faster rate. For 
example, a use index of 150 is twice as bad as a use index 
of 125 and five times as bad as a use index of 110. 

c. Utility District 

Utility districts provide water and sewer 
services in addition to other utilities. If a district pro- 
vides an insufficient amount of water for its users • -needs , 
the fire protection afforded those users is inadequate. That 
inadequacy is reflected in an irAcreased depreciation for all 
economic activities in the district. A water shortage can 
occur for any of the following reasons: 1) the intake water 
quality ir 9 and therefore untreatable; 2) there is insufficient 
water for all of the users' needs: or 3) the district's intake 
treatment plant has the capacity to treat less water than 
its users need. 

The residence output shows the code number of 
the utility district serving each residence parcel. 

d. Depreciation 

A residence has a normal annual depreciation, 
depending on its type (see Master Tables for depreciation 
rates). As mentioned above, it can also depreciate due to 
inadequate municipal services and/or inadequate fire pro- 
tection. Another factor in depreciation is flooding. The 
director specifies when floods occur and a general degree 
of flooding. The degree of damage to the economic activity 
on a particular parcel is influenced by three additional ' 
factors: 1) the type of activity; 2) the river basin dam 
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priori les; and 3) the likelihood of the parcel being affected 
by a flood. This last factor is called the parcel's flood 
susceptibility and can be found on the River Basin Flood 
Plain Map. A parcel having zero flood susceptibility is 
never affected by floods; a parcel having a susceptibility 
of three is among the most affected parcels. The pa_-ameters 
for the other factors in depreciation can be found on the 
Master Tables. 

The amount of depreciation due to MS, fire, 
and flood IS printed in percent of the activity's original 
value, assumed to be 100%. 

e. Water Consximption 

A residence normally receives all of its 
required water from a municipal source (its utility district) . 
However, there are two exceptions: 1) when the utility dis- 
trict provides insufficient water for its users' needs (see 
c. above); and 2) when a residence is served by private util- 
^J^fr: "^yP^ ^ residences can be constructed without having 
utility service. It is assumed that they have wells and 
septic tanks. They do pay an expense for water, but that 
amount is paid to the Outside a.nd is lower than the normal 
Outside price for water. A residence supplied by a municipal 
water source receives water from Outside only when the local 
supply IS inadequate. When such occurs, each residence 
receives an amount of water proportionate to its needs. For 
example if the needs of all of the water user- in a util-ity- 
la^ti^ f^nJ"^ ^"'^ district was only aole to supply 

lb MGD (67%), a residence needing 3 MGD would receive 2* MGD 
from the district (67%0 . 

'^^^ amount of water required bv a r«:><;i r^onr^r 

income PI 'and if ^JT'"?/^ '"^^^ ^^^^^ than a low- 

dweJTJr Se^^h« ^ f ^^i^u "^^^ '"^^^ ^^^^^ than an RC 
ments bv m^L^ ,^^^^5 ^^^^^^ specific water require- 

ments by class and residence type. 

^K4. • J ^ "^^^ residence output shows the amount of water 

obtained from municipal and Outside sources. 

f. Occupants, Percent Occunancy, and Rent/Space Unit 

of each clas., ^-h^^ residence output shows the number of Pi's 
mav nfL^ f ^u'^^Py ^^^^y residence. PH's and PL's 

ZlnTr\ together on the same residence parcel. Tho 

Irs hi cLjf """^^^J^ is determined by taking the number of 
Pi s by class, multiplying times their residence soace 

?h?:':f r:'atlo'%^?r'^' ^^^^^^ Tabl^K^r^^king 

this as a ratio of the total space units in the residence. 
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For example, assume an RA3 has one PH and two PM's occupy- 
ing it. The PR has a space consumption index of 2 and the 
two PM's together a space consTomption index of 2.66 (2 x 1.33). 
Thus, there are 4.66 space units being occupied from an RA3 
that has 6,00 space units of capacity. The occupancy rate 
is therefore 4.66/6 = .78, or the building is 78 percent 
occupied. 

* ^ Rents are always specified in terms of the rent 

I ,id per space unit. A PM pays 1.33 times the per space unit 
rent, and a PH pays twice as much. 



g. Income 



The income earned by a residential unit is 
equal to the rent per space unit times the total number of 
spSce units occupied. In the above example, 4.66 space units 
were occupied; therefore, at a rent of $150,000 per space 
unit the rental income would be $699,000. 

Income earned from a residence is independent 
of which classes occupy it; income is directly related to 
the percent which a residence is occupied and the rent being 
charged. The following example illustrates that point. 

Income Earned from Housing Occupied by the Three Income Classes 

Assume: Housing is an RA2 

Rent specified is $150 , 000/space unit 



Class 



Relative 

Space 

Units 
Consumed 



Number of 
Pi's Occu- 
pying an 
RA2 (2X 
Relative 
Space Units 



Rent 
Paid 
Relative 



Rent Paid 
Factor 
(Pi's X 
Rent Paid 
Relative) 



Rent Paid 
(Rent Paid 
Factor x 
Rent Charges) 



PH 
PM 
PL 



1.0 
1.5 
2.0 



2 
3 
4 



2.00 
1.33 
1.00 



4 
4 
4 



$600,000 
$600,000 
$600,000 



h. Expenditures 

The ov/ners of residences incur expenditures for 
maintenance, utilities, water, property taxes, income taxes, 
and sales taxes. A residence's maintenance expenditure is 
the sum of its expenditures for personal goods and personal 
services. The number of consumption units required for 
maintenance is a function of the total percent depreciation, 
the level of the residence, and the number of PG c^d PS 
units required for each percent depreciation. The nun:ber 
of units of PG and PS required for each percent depreciaiton 
is given on the Master Tables. The normal percent depreciation 
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is also on the Master Tables, and depreciation due to other 
factors is on the residence output. Suppose that the RA3 
luentioned above has a normal depreciation of 1% and has 2*5% 
more deoreciation due to the other factors. Total deprecia- 
tion; 3.5%* Suppose also that RA requires .1 PG units and 
•3 PS units per 1% depreciation. Assume that the residence 
owner has set a maintenance level which offsets that depre- 
ciation. The residence's PG consumption is:3.5x.7x3= 
7.35, or 7 PG units. Its PS consxamption is: 3.5 x • 3 x 3 == 
3.15, or 3 PS units. The actual price paid per consumption 
unit depends on where the residence purchases PG and_PSi_, 
That can be determined by examining the Commercial Detail 
Output. 

The expenditure for utilities depends upon 
the number of utility units consumed by type and level of 
residence (see the Economic Master Table) and the cost per 
unit of utility service as established by the Utility Depart,-* 
luent. If the cost of utility service were $10,000 per unit, 
and an RA3 consumed 12 units per year, its utility cost would 
be $120,000. 

Although Pi's consume water, residence owners 
pay for the water. Local water prices per, million gallons 
consumed in a year are set by the Utility Department for 
each economic activity. The prices for residences are set 
by class and by residence type. The residence owner pays 
the local price for that amount of water which is obtained 
from the Utility Department and pays the Outside price for 
the amount not supplied by the Utility Department (see Master 
Tables for Outside prices) . 

The pricing is relatively straightforward. 
For example, suppose an RA3 houses 2 PH and IPM. Assume the 
Master Table shows that, in RA housing, a PH requires .08 MGD 
and consumes 29 MG in a year, and a PM requires .07 MGD and 
consumes 25 MG in a year. Suppose the total amount of water 
required by the water users in the utility district is 24 
MGD but the district can supply only 16 MGD (67%). The 
residence output would show .15 MGD c; tained from the muni- 
cioal source (16/24 x (.08 + .08 +.07)) and .08MGD from 
Outside (.08 + .08 + .07 - .15) . The total amount obtained 
from both sources equals tae total amount required by the 
residence . 

Whereas the daily requirement is used for 
determining local water sufficiency, the billing is done on 
an annual basis in proportion to the amount obtained * from 
each source daily. Suppose the local price per MG for PH 
in RA is $350. Let the Outside price, which is always the 
same for all water users, be $700 per MG. Then the residence 
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owner's water expenditure for Outside water is; 

8/24 X C29 + 29 +25) x $700 19,36f ^ 

The proportion purchased daily from outside is multiplied by 
the total annual requirement and the Outside cost per MG. 

TheOwner's payment to the local Utility Departm: nt is: 
16/24 X (29 + 29) x $450 + 16/24 x 25 x $350 = 
$8700 + 5833 == $14,533 

Residences pay property tax on the assesse'd 
value of the building and the land occupied by the building. 
The Assessment Department has control over land and building 
assessments and the Chairman and Council have control over 
the tax rates which are applied to the assessed value. 

Residences pa^ income taxes on the same basis 
as all other economic businesses — ^ state tax of 5% on net 
income and a federal tax of 22% on the first $25,000 of net 
income before taxes and of 48% on the rest of net income ^ 
and after state income taxes. 

Residences pay sales taxes on the purchases 
from PG and PS for maintenance* The fixed state sales tax 
is 3% of PG and PS purchases and the local sales tax is 
whatever rate has been determined by the local' sales tax 
authorities. Sales taxes accrue to the jurisdiction of the 
commercial establishment and not to the jurisdiction of the 
residence. State sales taxes are paid on purchases from 
the outside system as well as on local purchases. 

i. Net Income 

The final net income for residences is deter- 
mined by subtracting all of the listed expenditures from the 
income derived through rents. 

j. Rate of Return 

The rate of return is printed for oach busines 
as a percent, expressing the ratio of the businesses net 
income to its current value. Current value is the original 
value of the building times its value ratio (or quality index 
in the case of a residence) divided by 100, plus the market 
value of the land consumed by the building. 

k . Environmental Indexes 

Residences are filled by Pi's in the order of 
lowest environmental indexes first. The characteristi^cs 
which contribute to a parcel's environmental index are: ^ 
quality of the school serving the parcel, quality of the MS 
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serving the parcel, residence quality, residence rent, local 
tax rates, local welfare payments, and the parcel's pollution 
index. Some of these factors are weighted differently by 
each class, so there is one index for each class for each 
parcel. The lower a parcel's environmental index for a class 
in relation to other parcels' environmental indexes for the 
class, the more desirable the parcel to migrating population 
units. 

For the exact value of each factor in a par- 
cel's environmental indexes, see the section of the migration 
output entitled "Environmental Indexes", 



16o 



8. Basic Industry Detailed Output 

The basic industry output shows the location and 
type of each basic industry owned by a team. A basic indus- 
try produces units of output that are sold at national mar- 

al^pr^?f/n J-"" ""^^^ P-^"^^^ ^^^^ determined by the compute: 
Ih^nfS^ ^i°!;u^ business cycle. Owners of basic industry 

^u^^^f section of the Demographic and Economic 
cySle! ^ status of the national business 

a. Constructed Level and Operating Level 

h;, = -i^ 4. • f ^"sinesses represented in the model, 

Sitioni^^^^f-^K-^^°''^ may decrease their level of operations 
without demolishing a portion of their buildings. An indus- 

^^Lf^.''°''^Tf''-^^^.i^'^^^ maximum level at which it may . 

il^f. l u-^u effectively a physical restriction on the 
amount which can be produced. The operating level the 

s^r,^^?^H^?''^^^• ^^^^^.ft is specified to function. ""The con- 
structed level IS considered only when land consumption, 
maintenance and taxes on the development are calculated. For 

purposes, a businesses operating level is the only 
level considered. 

/ 

b. Value Ratio and Maintenance Level 

^' 

The quality of plan^and equipment for busi- 
nesses is represented by the value ratio. The value ratio is 
the ratio of present value to original value. Business facil- 
ities depreciate every year in response to time ("normal- 
depreciation), MS service quality, adequacy of local water for 

ltl^'vli!^l^''u'-°''\t'"^ occasionally, floods. The Economic Mas- 
ter Table shows the annual percent depreciation caused by 
time, MS quality, and water supply for fire protection. Bus- 
inesses may overcome this depreciation effect by setting their 
maintenance levels at points below which they do not want the 

s^i''L''?oS°'i° ^li^l J""^ example, if a maintenance level is 
set at 100, then that business will make maintenance expendi- 
tures every year to keep the building in "like new" shape. 
The value ratio of a business may be raised above its present 
value (If less than 100) by inputting a maintenance level 
that IS higher than the value ratio. 

c. MS District 

. . The value ratio of basic industry is lowered 

eLpS°^r?in'-^''n measured by an MS use index, in 

exceso of 100. Basic industry output shows the code number 
Of the municipal service unit which serves the basic industry. 
Mb use indexes are shown on the Municipal Services Department 
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Figure 6.3 
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Report and on the Municipal Services Map, The contribution of 
the MS use index to value ratio decline is directly proportional 
to the amount by which the use index exceeds 100* For example, 
a use index of 150 has double the effect of a use index of 
125 and five times the effect of a use index of IIC* 

d* Utility District 

Utility districts provide water and sewer 
services in addition to other utilities* If a district pro- 
vides an insufficient amount of water for its users' needs, 
the fire protection ctf forded those users is inadequate. That 
inadequacy is reflected in an increased depreciation for all 
economic activities in the district, A water shortage can 
occur for any of the following reasons: 1) the intake water 
quality is 9 and therefore untreatable: 2) there is insuffi- 
cient water for all of the users' needs; or 3), the district's 
intake treatment plant has the capacity to treat less waiter 
than its users need* 

e. Depreciation i 

A basic industry has a normal annual deprecia- 
tion, depending on its type (see Master Tables for deprecia- 
tion rates) • It can also depreciate due to inadequate muni- 
cipal services and/or inadequate fire protection. Another 
factor in depreciation is flooding* The director specifies 
when floods occur and a general degree of flooding. The 
degree of damage to the economic activity on a particular 
parcel is influenced by three additional factors: 1) the 
type of activity; 2) the river basin dam priorities; and 3) 
the likelihood of the parcel being affected by a flood. This 
last factor is called the parcel's flood susceptibility and 
can be found on the River Basin Flood Plain Map, A parcc^l 
having zero flood susceptibility is never affected by floods; 
a parcel having a susceptibility of three is among the most 
affected parcels. The parameters for the other factors in. 
depreciation can be found on the Master Tables, * The amount of 
depreciation due to MS, fire, and flood is printed in percent 
of the activity's original value, assumed to be 100%, 

Basic industries which use surface water have 
an additional factor in depreciation: intake water quality. 
The maximum depreciation due to intake water quality is 1%, 
for water quality 9, The depreciation decreases as the wr.ter 
quality rating decreases, and there is no depreciation for 
quality 1 water, 

f. Water Consumption and Recycling 

Industries that use municipally-supplied water 
normally receive all of their required water from a local 



166 



municipal source (the one within tKeir utility district) . 
However, there is one exception: when the utility district 
provides insufficient water for all of its users' needs. An 
industry supplied by a municipal water source receives watsr 
from Outside only when the local supply is inadequate. When 
such occurs, each industry receives an amount of water propor- 
tionate to its needs. For example if the needs of all of the 
water users in a utility totaled to 24 MGD and the district 
was only able to supply 16 M.GD (67%) , an industry needing 12 
MGD would receive 8 MGD from the district (67% of its needs) . 

The only businesses which do not use municipal 
water are those basic industries which use surface water 
directly. There are two cases in which such a business would 
not obtain all of its water requirement from the surface water: 
1) the total amount attempted removed from the surface water 
by itself and municipal intake points on its parcel was greater 
than the amount of surface water on the parcel; or 2) the 
surface water quality was 9. In the first case, the business 
would receive an amount of the surface water proportionate 
to its requirement. In the second case, the industry would 
purchase all of its water requirement from the Outside. 

Basic industries which use surface water can 
recycle up to 100% of their water. At a recycling level of 
100% an industry requires half as much water as normal and 
has half as much effluent, although the amount of pollution 
in the effluent does not change. 

g. Effluent Treatment 

A basic industry which uses surface water can 
treat its effluent. A treatment plant can, be one of four 
types: chlorination (CD, primary treatment (PT) , secondary 
treatment (ST) , or tertiary treatment (TT) . Each of the four 
types removes a percent of each pollutant, chlorination remov- 
ing the least and tertiary the most. A treatment plant has a . 
fixed capacity which is a function of its level . Each level 
of a businesses effluent treatment plant has the ^capacity to 
treat the effluent generated by one level of the business at 
a recycling level of zero. For example, a level two treat- 
ment plant can treat all of the effluent generated by a bus- 
iness operating at a level two with no recycling. The plant 
could handle all of the effluent of a business operating at a 
level four if it had 100% recycling. Any effluent in excess 
of treatment plant capacity is dumped untreated into the 
surface water. 

h. Salary _ 

All industries must hire employees in terms of 
whole population units in order to operate and earn income. 
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Employees salaries are expressed in terms of wage per worker 
and not per Pl. since the number of population units actually 
^t^u employer is determined by the employment process 

Which takes into account location, transportation, educational 
level of workers, salary offered and supply of and demand for 
workers, it is important that employers take into considera- 
tion the local labor market situation when setting salary 

i. Employees and Employment Effect 

, , "^he number of population units required for a 

level one development of all bucinesses is shown in the Eco- 
nomic Mafeter Table. The number actually hired is shown on 
the detail business output. Full-time employees are shown 
in population units (Pi's) and part-time employees are shown 
\n time units, where 80 time units is equivalent to a full-time 
30b m terms of income earned for a PI. 

If a basic industry hires all of the employees 
It requires, the employment effect is 1000 per level of 
development. A value of less than 1000' means that either 
some of the full or some of the part-time employees required 
from some income class were not hired. It«is useful to check 
the- Employment Summary and the Part-time Employment Statistics 
If deficiency of employees exists. If a basic industry at 
level one hires only 80 percent of the Pi's it requires, ' 
then the employment effect is 800 (i.e., 1000 x .80). 

j. Units Produced 

The maximum units produced by a basic industry 
level. If the employment effect is less than 
1000 and/or if the value ratio is less than 100 then the units 
produced will not be at a maximum. The units produced figure 
IS obtained by multiplying the employment effect by the value 
ratio divided by 100. Thus., if the employment effect were 800 
ai the value ratio were 90, then the units produced would be 
72, (i.e. , 800 X .90) . 

k. Price Per Unit of Output and Income 

The price per 'unit of output for basic indus- 
try IS determined by the national business cycle price rela- 
tive and the normal price per unit for the industry type. 
The actual price per unit of output is the normal price multi- 
plied by the business cycle price relative. Income is the 
product of the price per unit and the units produced. All 
sales of basic industry output are to the national system. 
All output is sold and no inventories are accumulated. 
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1 • Expenditures 



Basic industry incurs expenses for business 
goods and business services. A fixed amount of BG and BS 
units are purchased by basic industry by type and level for 
normal operation. Basic industry also purchases BG and BS 
units in direct proportion to the amount of maintenance per- 
formed, and these expenditures are listed separately under 
the maintenance category. 

The expenditure for utilities depends upon the 
number of utility units consumed by basic industry by type 
and level (see the Economic Master Table) arid price per 
utility uriit beirig charged by the Utility Department. . 

There are four types of basic industry expen- 
ditures related to water; recycling, intake treatment, out- 
flow treatment, and payrent for municipal (or Outside) water. 
A basic industry which uses municipal water can have only the 
last of the four expenditures. Local water prices per million 
gallons consumed in a year are set by the Utility Department 
for each economic activity. The prices for industries may be- 
set by type. The industry pays the local price for that 
amount of water which is obtained from the Utility Department 
and pays the Outside price for the amount not supplied by the 
Utility Department (see Master Tables for Outside prices). 

The pricing is relatively straightforward. 
For example, suppose an industry consumes 10 MG per day and 
2500 MG per year. Suppose the total amount of water required 
by the water users in its utility district is 24 MGD but the 
district can suppiy only 16 MGD (67%) . The industry output 
would show 6.7 MGD obtained from the municipal source and 
3.3 MGD from the Outside. The tutal amount obtained from 
both sources equals the total daily amount required by the 
industry (10 MGD) . 

Whereas the daily requirement is used for 
determining local water sufficiency, the billing is done on 
an annual basis Trtiproportlon "to the conount obtained from 
each source daily. Suppose the local price per MG for the 
industry is $300. Let the Outside price, which is always the 
same for all water users, be $700 per MG. Then the industry's 
water expenditure for Outside water is; $700 x 3.3 x 250 = 
$577,500. The proportion purchased daily from Outside is 
multiplied by the total annual requirement and the Outside 
cost per MG. 

The industry's payment to the local Utility 
Department is: $300 x 6.7 x 250 = $502,500. 
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A basic industry which uses surface water can 
incur all four types of expenditures^ • Recycling and outflow 
treatment costs are direct functions of the business owner's 
decisions. The owner can set a recycling level of 0 to 100. 
A business at 100% recycling requires half as much water as 
a business at recycling level zero. Likev;ise, it has half as 
much effluent. The cost to recycle a' million gallons of 
water is given on the Master Table. Suppose a TA required 
17 MGD and 4420 MGY for a level one without recycling. Suppose 
a TA2 has a recycle level of 60%, and the cost to recycle is 
$200 per milTi'on gallons. The TA's annual volume of recycling 
would be: 4420 MGD x 2 x (100-60)/200 = 1763 MG. The cost 
for recycling would be: $200/MG x 1768 MG = $353,600. 

The business owner also decides what type and 
level of effluent treatment, if any, th^ business has. The 
operating cost of an effluent treatment plant varies by type 
of treatment and number of MG's treated in a year. Suppose 
the TA cited above had an STl effluent treatment plant and 
the treatment cost per MG for ST was $200. Since the STl can 
treat only tha equivalent of the outflow from a level one 
business, its capacity would be 4420 MG in a year. The busi- 
ness has 7072 MG of effluent (4420 x 2 - 1768). It pays 
$200 x 4420, or $884,000 for effluent treatment. 2652 MG' are 
dumped untreated. 

Expenditures for intake treatment and Outside 
water (listed under MUNICIPAL SUPPLY) are automatically billed 
to the business. A business does not construct an intake 
treatment plant; it is assumed to treat all of its required 
water to a usable condition. Intake treatment costs are a 
function of the intake water quality, the type of business, 
the volume of water consumed. If the intake water quality of 
the TA cited above were 3, and if the cost to a TA to trf^at 
water quality 3 were $80 per MG, the TA's intake treatment 
cost would be: (4420 MG x 2 - 1768 MG) r $80/MG = $565,760. 

There is no cost to treat water purchased from 
the Outside. If part of a businesses water were obtained from 
the surface water and, due to a shortage of surface water, 
part were obtained from the Outside, then the business would • 
have expenditures for: both intBk'e:::::€r-ea-tment and Outside supply. 
If the surface water quality were 9,. the business would have 
only the latter expenditure. 

Basic industry pays transportation to BG and BS 
if the industry purchases these from the local system. The 
transportation charges are based on the type and level of 
industry and the least cost distances along the various types 
of roads. All basic industries except NS also incur transpor- 
tation costs to the terminal which represents the cost of 
shipping the units produced to national markets. The trans- 
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portation costs to BG, BS and the t independent of 

the number of units purchased or pi vue costs are 

rolely a function of type of indut. level, distance travel- 

led to destination and type of roausi. Regardless of the dis- 
tance travelled, an industry pays a base cost to travel to 
each of the thr-se types of destinations, ''he total transpor- 
tation cost (c) to a single destinatioi. 

C=(UxB) + IUxBxLx(4xT' 
where U is the number of units consum^u 
and B is the base cost per unit consumed 
and L is the length of a parcel side in miles 
and T is the number of parcel sides traversed along 

the least cost route between origin and destination 
and R is the sum of the road types traversed along 
parcel sides on the least cost route 
U X B is the base cost which the industry must pay. 

Suppose that the Master Table showed that a CRl consumes 
^ 3000 terminal units and has a base cost of $500 per terminal 

I unit consumed. Suppose also that there is only one terminal 

I and a CR2 has no options on ways to travel: it must go four 

parcels on a type 2 road and two parcels on a type 3 road. 

Suppose that in the simulated region a parcel side is 2.5 

miles long. 

t U = 3000 times 2, or 6000 terminal units consumed 

} B = $500 

' L = 2.5 

T = 6, since six parcels are traversed 
R = 14, for four parcels on type 2 and two parcels on 
type 3 (4 X 2 + 2 X 3 = 14) 



I The total transportation cost to terminal for the CR is: 

I 6000 X $500 + 6000 x $500 x 2.5 x (4x6- 14) = 

I $3,000,000 + $75,000,000 = $78,000,000 

r . Salary costs by class are determined by multi- 

f ^ plying the salary per worker times the number of workers per 

f PI times the numlDer of Pi's hired. 

I 

I Businesses pay property tax on the assessed 

I value of the development and the land occupied by the devel- 

f opment. The Assessment Department assesses the value of 

I land and developments and the Chairman and Council determine 

I the tax rates to be applied to the assessed values of develop- 

I ments and of land. 

I Businesses pay income taxes to the Federal and 

State governments using the rates shown in the Master Table. 



171 



Businesses pay saleg taxes on the purchases 
from BG and BS, There is a fixed state sales tax of 3%, State 
sales taxes are paid on purchases from the Outside system as 
well as on local purchases, 

m. Net Income and Rate of Return 

Basic industry net income is obtained by sub- 
tract ng all of the above expenditures from the gross income. 

The rate of return is printed for each business 
as a percent, expressing the ratio of the businesses net 
income to its current value. Current value is the original 
value of the building times its value ratio divided by 100, . 
plus the market value of the land consimied by the building. 
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9. Commercial Establishment Detail 

The computer output for commercia., establishments 
is slightly different for business commercial (BG and BS) 
and for personal commercial (PG and PS) • The major differ- 
ence is that BG and BS alwayS' purchase their needed supplies 
from the outside system^ whereas PG and PS are able to pur- 
chase their goods and services from local BG and BS establish-- 
ments. The commercial output shows the location^ type and 
level of development, 

a. \k^alue Ratio and Maintenance Level 

. The quality of plant and equipment for commer- 
cial establishments is represented by the value ratio. The 
value ratio is the ratio of present value to original value. 
Commercial establishments depreciate every year in response 
to time ("normal" depreciation)^ MS service quality, use by 
customers, adequacy of local water for fire protection, and 
occasionally floods. The Commercial Master Table shows the 
annual percent depreciation caused by time, MS quality, use, 
and water supply for fire protection. Biisinesses may over-- 
come this depreciation effect by setting their maintenance 
levels at points belw which they do not want the value ratios 
to fall. For example, if a maintenance level is set at 100, 
then that business will make maintenance expenditures every 
year to keep the building in "like new" shape. The value 
ratio of a business may be raised above its present^a^lue 
(if less than 100) by inputting a maintenance level that is 
higher than the value ratio. 

b. MS District 

The value ratio for commercial establishments 
is lowered by poor municipal services as measured by an MS 
use index in excess of 100. The computer output for commer- 
cial establishments shows the code number of the miinicipal 
service unit which serves the basic industry. MS use indexes 
are shown on the Municipal Services Department Report and 
on the Municipal Services Map. The contribution of the MS 
use index to value ratio decline is directly proportional to 
the amount by which the use index exceeds 100. For example, 
a use index of 150 has double the effect of a use index of 
125 and five times the ef-fect of a use index of 110. 

c. Utility District 

Utility districts provide water and sewer 
services in addition to other utilities. If a district pro- 
vides an insufficient amount of water for its users' needs,- 
the fire protection afforded those users is inadequate. That 
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Figure 6.4 
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inadequacy is reflected in an increased depreciation for a- 
economic activities in the district. A water shortage can 
occur for any of the following reasons: 1) the intake water 
quality is 9 and therefore untreatable; 2) there is insuffi- 
cient water for all of the users' needs; or 3) the district's 
intake treatment plant has the capacity to treat les: water 
than its users need. 

d. Depreciation 

A commercial establishment has a normal annual 
depreciation, depending on its type (see Master Tables for 
depreciation rates) . It can also depreciate due to inade- 
quate municipal services, use in excess of its effective 
capacity, and/or inadequate fire -protection. Another factor 
in depreciation is flooding. Tao director specifies when 
floods occur and a general, degree of flooding. The degree 
of damage to the economic activity on a particular parcel is 
influenced by three additional factors: 1) the type of acti- 
.vity; 2) the river basin dam priorities; and 3) the likelihood 
of the parcel being affected by a flood. This last factor 
is called the parcel's flood susceptibilicy and can be found 
on the River Basin Flood Plain Map. A parcel having zero 
flood susceptibility is never affected by floods; a parcel 
having a susceptibility of three is among the most affected 
parcels. The parameters for the other factors in depreciation 
^.or commercial establishments can be found on the Commercial 
Master Tables. The amount of depreciation due to MS/ fire, 
flood, and use is printed in percent of the activity's ori- 
ginal value, assumed to be 100%. 

e. Water Consumption 

c 

Commercial establishments use municipally- 
supplied water and they normally receive all of their required 
water from a local municipal source (the one within their 
utility district) . However, there is one exception: when 
the utility district provides insufficient water for all of 
its users' needs. A commercial establishment supplied by a 
municipal water source receives water from Outside only when 
the local supply is inadequate. When such occurs, each 
business receives an amount of water proportionate to its 
needs. For example if the needs of all of the water users 
in a utility totaled to 24 MGD and the district was only 
able to supply 16 MGD (67%), a business needing 3 MGD would 
receive 2 MGD from the district (57% of its needs). 

f. Salary 

All businesses must hire employeeL> in terms of 
whole population units in order t-> operate and proUuce shopping 
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capacity. Employees' salaries are e^ressed in terms of wage 
per worker and not per Pi. Since the number of population 
units actually hired by an employer is determined by the 
employment process which takes into account location^ trans- 
portation, educational level of workers, salary offered and 
supply of and demand for workers, it is important that 
employers t?ke into. consideration the local labor market 
situation when setting salary levels. 

■ g. Employees and Employment Effect » 

The number of population units required for a 
level one development of^all commercial establishments is 
shown in tne Commercial Master Table. The number actually 
hired by a conimercial establishme'nt is shown on the detailed 
computer output. Full-time employees are shown in population 
units (Pi's) and part-time employees are shown in time units r 
where 80 tjme units is equivalent to a full-time job in terms 
of income earned for a PI. 

If a commercial establishment hires all of the 
employees it requires, the employment effect is e^aal to thB 
design capacity shown in the Commercial Master Table. A 
value of less than this design capacity means that either. some 
of the full or some of the part-time employees required from 
some income class were not hired. It is useful to check the 
Employment Summary and the Part-time Employment Statistics 
if deficiency of employees exists. If a commercial establish- 
ment at a development level of one hires only 80 percent of 
the Pi's it requires, then the employment effect is 80 per- 
cent of the design capacity. 

h. Capacity Used and Effective Capacity 

The effective capacity is calculated for com- 
mercial establishments by multiplying the employment effect 
times the value ratio divided by 100. The effective capacity 
indicates the number of capacity units' (CU's) that the ^com- 
mercial establishment can supply to its customers without a 
strain on plant, equipment, and qual.^ty of service • 

Capacity used is the number of consumption 
units that the commercial establishment actually sold to 
customers in the competitive local market as determined by the 
commercicxl assignment process. If the capacity used exceeds 
the effective capacity, then the commercial establishment 
undergoes a strain on its plant and equipment that is repre- 
sented by increased depreciation of the physical facilities • 
BG and BS establishments may sign contracts with local govern- 
ment departments (Schools and Municipal Services) to automa- 
tically supply these departments v;ith their needed goods and 
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services. If these two government (Jepartments do not make a 
contract with a local firm, they will purchase from the outside 
system at greater than normal prices per unit. Th^^se govern- 
ment departments can specify a contract with up to three 
local BG and three local BS establishments. Greater detail 
on these contracts is given under the description of the 
government sector. 

i. Price per Capacity Unit (CU) 

Each commercial establishment sets its own pric-». 
Factors that miist be taken into accoiint when setting price 
are location in relation to potential workers, buyers and 
sellers; competitive establishments; local demand; boycotts; 
and the typical price. Typical prices are listed in the 
Economic Master Table. 

The Commercial Process assigns customers to 
commercial establishments on the basis of least cost to the 
customer per consumption unit, including the customer's trans- 
portation cost to get to the commercial establishment. Cus- 
tomers also are given a bias to shop where they shopped the 
previous year and a Lias against shopping at over-crowded 
establishments. 

Owners of commercial establishments are encour- 
aged tv examine the commercial allocation svimmary output and 
the commercial maps to see which stores are serving which 
customers. A detailed descri-^tion of this output can I .i 
found under the General Output Section. 

j. Inc( .a 

Sales to private customers md sales to public 
customers are separated for BG and BS, but not for PG and 
PS since the 1- tter establishments sell to only the private 
sector. Income is the product of capacity used and price 
per CU. T J f 

k. Expenditures 

BG and BS spend money for service charges which 
represent purchases from the outside system. PG and PS spend 
money for business goods and business services that repre- 
sent the finished goods and services that they require in 
order to operate. In both cases, the dollar amount of expen- 
ditures for goods and services (service charges) is directly 
related to the number of capacity units sold. These rela- - ' " 
tionships are shown in the Commercial Master Table. 



177 



Commercial establishments must pay annual main- 
tenance if the value ratio is to be prevented from declining. 
BG and BS pay their maintenance to the outside system, 
whereas PG and PS purchase units of BG and BS for the purposes 
of maintenance. These relationships are also shown in the ' 
Commercial Master Table along with the factors that cause 
depreciation. Remember that overcrowding of commercial 
establ hments causes the depreciation rate to increase. 

Commercial establishments purchase utilities 
based upon type and level of development as indicated in 
the Cominercial Master Table. 

There is one type of commercial establishment 
expenditure for water: payment- for municipal (or Outside) 
water. Local water prices per million gallons consiuned in a 
year are set by the Utility Department for each economic 
activity. The prices for commercial establishments may be 
set by type of establishment. The business' pays the local 
price for that amount of water which is obtained from the- 
Utility Department and pays tho Outside price for the amount 
noL supplied by the Utility Department (see Outside System 
Master Tables for Outside prices). 

The pricing is relatively straightforward. 
For example, suppose a business consumes 1.0 MG per day and 
300 MG per year. Suppose the total amount of water required 
by the wa^er users in its utility district is 24 MGD but the 
district supply only 16 MGD (67%). The business output 
would shov, • MGD obtained from the mvmicipal source and 
.33 MGD from Outside. The total amount obtained from 
both sources equals the total daily amount required by the 
industry (1.0 MGD) . 

Whereas the daily requirement is used for 
determining local water sufficiency, the billing is done on 
an annual basis in proportion to the amount obtained from 
each source daily. Suppose the local price per MG for the 
commercial establishment is $300. Let the Outside price, 
which is always the 'same for all water- users, be $700 per 
MG. Then the business 's water expenditure for Outside water 
is: $700 X . 33 x 300 = § "70,000. The proportion purchased 
daily from Outside is multiplied by the total annual require- 
ment and the Outside cost per MG. The business 's payment to 
the local utility Department is: $300 x .67 x 300 = $60,000. 

EG and PS have transportation charges to BG 
and BS if they purchase locally, BG has transportation to 
terminal to purchase goods from -yie Outside system, and BS 
has no transportation charges, ihe transportation costs by 
type of road to the several destinations are given in the 
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Commercial Master Table. Transportation cost? incurred by 
commercial businesses are dependent upon the. number of units 
purchased. The costs are also dependent upon the type of 
buyer and seller, the distance travelled to the destination, 
and the type of roads. Regardless of the distance travelled, 
a business pays a base cost to travel- to a destination 
The total transportation cost (c) to a single destination is: 

C = (U X B) + [U X B X L X (4 X T - R) ] 
where U -is the number of units consumed 
and B is the base cost per unit consumed 
and L is the length of a parcel side in miles 
and T is the number of parcel- sides traversed along 

the least cost route between origin and ^destin- 
ation 

and R is the sum of: the road types traversed along 
parcel sides on the least cost route 
U X B is the base cost whidi the bxisiness must pay. 

Suppose that the conunercial output showed that 
onnn ■ ^ capacity used of 2000 ar:d therefore consumed 

2000 terminal units. Assume that the Commercial Master 
Table shows that it cost $400 per HY 2 mile to travel to the 
Ju''"^«!!^i* S^PP^^se also that tlisre is only one terminal and 
the EG 2 has no options on ways to travel: it must go four 
parcels on a type 2 road and two parcels on a type 3 road 
Suppose that in the simulated region a parcel side is 2.5 r~ 
miles long. 

U = 2000 terminal units consumed 
E = $400 

L = 2.5 - , 

T = 6, since six parcels are traversed 
R- 14, for four parcels on type 2 and two parcels on 
type 3 (4x2 + 2x3 = 14) 

The total transportation cost to terminal for the BG iui 

2000 X $400 + 2000 x $400 x 2.5 x (4 x 6 - 14) = 
$800,000 + 20,000,000 = $20,800,000 

- . ^ Salary costs by class are determined by multi- 

plying the salary per worker times the number of workers per 
PI times the number of Pi's hired. 

Businesses pay property tax on the assessed 
value of the development and the- land occupied by the devel- 
opment. The Assessment Department assesses the value of 
land and developments and the Chairman and Council determine 
the tax rates to be applied to the assessed values of devel- 
opments and of land. Businesses pa.- income taxes to the ' • 
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Federal and State governments using^the rates shown in the 
Commercial Master Table* State income taxes apply to the 
net income figure before other taxes have been deducted. 

Businesses pay sales taxes on the purchcises 
of goods and services. There is a fixed state sales tax of 
3%. State sales taxes are paid on purchases from the Outside 
system as well as on local purchases* 

1. Net Income and Rate of P^turn 

Business net income is obtained by subtracting 
all of the above expenditures from the gross income. Net 
income for commercial establishments ccin be very volatile ^ 
because of the conpetitive aspect of the local market and^ 
the individual businesses control over pricing* 

The rate of return is printed for each biisiness 
as a percent^ expressing tlie ratio of the business ?s net 
income to its current value* Current value is the original 
value of the building times its value ratio divided by 100, 
plus the market value of the land consumed by the building. 
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G. GOVERNNEVr SECTOR DETAILED OUTPUT 



Chairman Output 

The Chairman Output consists of three sections which 
summarize the revenues and expenditures of all departments 
and of the jurisdiction's government as a whole. 

Chairman Department Finances 

The first line of this output shows the welfare 
payment rate, which is set by the Chairman. The rest of. 
the output summarizes the revenues and expenditures of 
each department in the Chairman's jurisdiction: Municipal 
Services, Schools, Highways, Planning and Zoning, Utilities, 
and Chairman. Bus and Rail are interjurisdictional and 
their finances do not appear on the Chairman's report. 

The Chairman can grant appropriations to Municipal 
Services, Schools, Highways and Planning and Zoning. He 
can grant subsidies to Utilities, Bus and Rail, and he can 
transfer cash to any account. 

Further detail on departments' accounts is included 
in the descriptions of their output. 



Tax Summary 

This output shows the revenue which the Chairman 
account receives from each type of local tax formally' 
included in the model. Taxes constitute a major source 
of revenue for the operation of local government. There 
are four types of local taxes in the model: property, 
income, automobile, and sales. The Chairman specifies the 
rate at which these taxes are to be levied and the computer 
automatically collects the tax revenue. If the Chairman 
does not set tax rates for a given round, the computer 
collects taxes at the previous rate. 

There are two types of property taxes: land and 
developments. Land tax is applied to all privately owned 
larid. The tax paid is determined by multiplying the 
percent of a parcel privately owned times the assessed 
value of the parcel (set by the-Assessment Department) 
times the land tax rate. Development tax is applied ho 
economic land uses. The tax payment is determined by 
multiplying the assessed value of a development times the 
development tax rate. 
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Figure 8.18 
CHAIFilAN DEPARTMENT FINANCES 
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Figure 8.18 (Cont.) 
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A political jurisdiction may tax the personal income 
of either the people v;ho live there or the people who work 
there. A resident income tax is paid by a population unit 
and is , determined by multiplying the resident income tax 
rate times gross wages of people who live in a jurisdiction. 
Employee income tax is determined by multiplying the 
employee income tax rate times gross income of the people 
who work in the jurisdiction. 

Automobile taxes can also be levied by a particular 
jurisdiction on the people who live there and the people 
who work there. Automobile resident tax is determined by 
multiplying the automobile resident tax rate times the 
travel cost to work by automobile of the people who live 
in the jurisdiction. Automobile employee tax is deter- 
mined by multiplying the automobile employee tc rate 
times the travel cost to work of the people who rk in 
the jurisdiction, ^ 

Sales taxes are levied on all purchasers of personal 
goods and personal services. There are separate tax rates 
for goods and services. The tax is determined by multi- 
plying the sales tax rate on goods/ services in the 
jurisdiction in which the seller is located times the 
amount of purchase of goods/service at each seller. 

Financial Summa ry 

This output summarizes the cash flow which is itemized 
on the Chairman Department Finances output. 
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COMPUTER OUTPUT EXPLANATION FOR THE 
ASSESSMENT DEPARTMENT 



'■assessment Der^artment Output 



As m all roles, the Assessment Department not only 
interacts with all of the other users of the model in the 
Economic, Social, and Government' Sectors but with the 
computer as well. 

The computer output used by the Assessment Department 
exclusively can be broken up into two general types: tabu- 
lar and maps. • 

Tabular Output 

The tabular output for the Assessment Department of 
each jurisdiction shows the current assessment ratios for 
the jurisdiction as a whole and any exceptions to these 
jurisdiction-wide assessment ratios. 

The first portion displays the overall assessment 
ratio for all properties in the jurisdiction. Assessment 
ratios may vary, for land that is on developed parcels and 
lana that is locally owned but on undeveloped parcels 
Developments may be assessed by development type. Like- 
wise each of the farm types may be assessed at different 
rates . 



The second portion lists any exceptions to these 
^ jurisdiction-wide ratios. The parcel number is listed and 
the specific assessment ratio is given in percentage terms 
for developments (land use need not be specified since there 
^LT^^ 2"! private land use allowed per parcel) , non-farm 
JLana, and farm land. The Assessment Department nay wish 
to make specific dollar assessments (instead of assessment 
rates) for particular parcels of land. These are the last 
tnree categories on the tabular output: building (develop- 
ments), land (non-farm land) and farms. 

Map Output 

There are three maps of primary interest to the assessor, 
These maps supplement the printed matter discussed above 
and are used to plan the assessment strategy for the juris- 
diction. The maps are: (1) Market Value Map, (2) Assessed 
Value Map, and (3) Farm Assessed and Market Value Map. 

Other maps may alsr be of use to the Assessment De- 
partment. These include the Economic Status, Utility, and 
Planning and Zoning maps. 
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Figure :8,,1 
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' 'i^tiHty ^^^^^^ 

The Util^:ty JDepartment ^^^^ the pfpvtsioa^ 

of the utility and witter: Jiid^ sfwe^^^^^ 
activities require in braer :t^^^^ 

utility ope rat ions/' are separate }ff^^ and: s^^ 

operations^ but both ^fe fiindej *fi:f m^^^ 

'^budgeti ^ ^ ----^^ 1 ' ^' - ' ^ -JT'^^ 

' Each utility tpiant has its; ,own; ;d3^^^^ comprised: of 

full" parcels cprxtigupu to t^^ 

dis trict is als 6 a/watet' dis'tfeicfe -^/^wfi i'^cH^ ^/ean^';nhnf■i r 



^sewer s^f yicev alsg^ ias ta^^ 

Utility /^lah-b^^ intake- :^t re^a€i^^^ 

;treatmeht: -- - ^ - ......s,. . ^ ... 



F^ty ^i.ahts:y; 171 take- i^trejitmeh . 

t:;jglan^tisi^^^^^ ^ ^ ^ 




.sdbiiit^y to rimo^^^ ^of r^a'i^^ jpMl^uta^ "l^pe ^ 
All of the' plar^ ^ifSgSMe^^affMe^^ 

l^ons trvicted' lev4l ^Whenj^ af |^ ^1 landl; ; 

htedomes avail^l4 cph^t^d^ ^ 

prrs.ale to "ano'thfe^^^ 

The Utility. Depar^^ 
siiMnai^^^^ a report on ' utfi^i^ f * 

water sampling staj&ilbnsr,; ^and.^mlsc^^^ 

.x)f cphcerh to the -'-^ . T 

Utility Dep^artmenfeTihahces ^ * 



All papital and^ current .r^^^ aire 
st;^^ on thii^outputi Capital -ex^^ are made 

irt ;direct response to play^ cUrreft^ expenditu^ 

are made in responlse to- p^^^ All bagii-- 

41^1 venues an tire current f eXrehue^ of ^ ^^s^ 
fl. ' ^^.^isceilanepus 1^^ pbtain^^ the manner described 

& i% the Introductiofr to the The Utility 

fe 'Depairtment has two. additional so'urcejs;.^^^^ current incpme: 

||| income from utility u^ers krid indom^/ fr 6m water users. For 

0 |ha most part> -the two types of usefs v^fe identical. How- 

^y¥^> some, types, of basic industries us^ surf ape water 
% diirectly and do not require municipal water although they do 

^" require utilities.* 



* One exception" to this rule is the case of ah RA with pri- 
vate utilities (we-.l watery septic tanks, etc.). Such an 
RA does not drain municipally-provided utilities or water..- 
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kr^A ^^^^"^^^ setsi the price- Whlc:fi. any ecbnomic ^ 
. """"^^ pay .per. utmty.^^^^^^ cohliaraSa!. miV p^-f ce- 

f fii^ £ .^^t the ^prrcef.pef. .mt- cohstked^ if! "the 

same ror every utility user.; * \, • r -^^ v ° '^^J 



sumo^^^^,,?^??^^"?^^?^^ ^t^^^ Ihe ^vater ^pfice vpe^ A con- ' 

- ' ^•'^ ^h® case of residences, Isy^cllss ' Tuti^iiitv 

the- only variable is ^the price, set .by ithe MMr^^ 
|owever the Utility a rtment lltM^l^^^ 
|o provide suffici^hd v^te^ 

If: relevant to purren t revenuesixbecausev wit^^^^^^^ 

^rtment for^ orjp :thi ^ate^ wh^^ 

:f rpm the mimi,cipa;C : ' • . ■ '' - C : ' ~ 



Htjlity plant.;cqnstruc^^ 

|xtension o£ .serv4;aev,^^^^^ 

ejcpendi feuresi.^der :^tffi 
. Ijciuae utility ;^mt-xaemp]fi5t^^ 

include the^ CPS ts- to^^cohsltr^^ ahdi'd4mbii%K? ieW^^^^ 
treatH^en t -pl^p- .pas ts. i:b^bdh^timWihii^^ 

for ext^ns^on- pf utility -service Cn^^^^^^ 

m sewer service =tb^ ;thoseKpa|ce^ :f|ggl;^^^^^ 

ISL^^f - ^ ^P-^rcf]^ has'^itiaiti^^ 

inore water and sewer -servicer if' a -^^Icm-^h^^^^^^^ ahy ulMilv 

lervice. for any -level of' any ecohbmic activity V fhi land 
lof?M? • 1 ^JP^'^f iture -category^ includes irvl^Pf^^^^^ 
doS truciiS? '''m - ' treatment rpian tl reguird lafti io? * 
>o?^? ??• ^"cellaneous capital expenditur.es are the 
til ac?ou?i' transfers made .from the depirtmehtVs 6api^ 

r.i.n*.'^!!®''^ f^® ^^""^ ^yP®^ Of current expenditures: utility 
operatJo^^^inS' "^^^^^^^"^ P^^^ operation, sampling staSon 
?SSf ?° payments, and miscellaneous. The expendi- 

ture for utility plant operation is the total oi the oo^Lt 

l"IatSl^t °f °' "^'^'^y P^^^^ i^^^e ^urislic^lon"' 
Treatment plant operation is the total of the operatina 

tSr?u?LdicH fn'%i"'^'" treatmenrS in 

!_^.3"Fisdiction. There is one fixed cost to operate each 



.ancient (river quality) %iipIi-Jg's"-Uor:„d"*?ISai|k 
5 each point source (user efflipHT quality) 



m 



cost to operate 
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sampling station. The total bpef atingf cbst^^ sampling 

stations in the jurisdiction a^^^ j 

expendituriSi Payrnents pnv both curient a^^ are i 

jnade ^through theocUrreht acp6unt.% :ldsc^ll4rie^^ / 

expehditttres ar^ cash l:r|rt^fe^^ - 

the department's current .account* / 

The new cash balances in both accounts ^remain i^^ 
those accounts and. are Available foi: expindituxrie; in the 
^following round; V 

Water Depairtmeht iReports. " i 

jPour typ^-of detaile 
output:^ intake^^ ttisatm^ (efflU(^^^ ; 

treatment plant sta€us.^ muhicip^^^^ 
and the water prices ^^^^^ ^haVei^efc ^set: >byj 

The; intake; tre ^piaKt tj^^^ has; one: -row/ per^ intake 

plant.. Eabh^^intak 
is identical /t(^^ 
in whidi-it is iolcated ah^ 
code huraDer and its cpprdiiiat^^^^^^ 
plant also has a levels wh3:ch dehdtes^ its^ ^^ra 
(in MGD) to treat watisir. J / ' 

The water which IS treated- a t^. an intake; tfeajBmeh|^^ 
may actually be obtain ^rgm surfac^^^^^ 

simulated tegiqn^^^ ai^hqugh the wM.er inta^ i^T single 

utility district mu^^ all be f rom :a si^ " 
surface water. The coordinates of th0 parcel on -whi a 
district's intake point is located ar^ in the fourth colxjm^ 
The "fifth coiCunn shows the\ in tak^ water ^uaiitj^^^^ 
water quality affects the cos^ which the departfneht must • 
pay in order to treat the water to dfihking^Wate^ qualit^^^ 
The worse the water, the greater the cost per MG to treat 
the , water . . _ . ' - ^ ^ * , 

The total water requirement (in MGD) 6f all of the 
water users in the utility district is in the sixth column* 
The seventh column icontains the* total amount of water (in 
MGD) which the department ^was able to obtain from the sur- 
face water at its intake point. The amount obtained is 
never greater than the amount needed. There are three 
possible reasons that the amount obtained could be less 
than the amount heeded: 1) the water quality on the parcel 
on which the intake point is located is 9; 2) the total 
amount attempted removed by surface water users (municipal 
intake points or surface water using basic industries)' from 
the parcel on which the intake point is located is greater- — 
than the amount of water on the parcel; 3) the intake 
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treatment plant has thp capacity to process a volume less 
than the total amount needed by the district's water users, 
in ther^irst case, no water users supplied by the municipal 
system receive municipal water; all purchase from the Outside. 
In the second and third cases each water user receives a ' 
share of municipally-supplied water proportional to its 
, needs. If both the second and third cases obtain, the lesser 
amount is removed from the sjirf ace water and treated. 

The seventh item, total treatment" cost, is the plant's^ 
operating cost for the year, based on the total water users'' 
annual requirements (in MG) the proportiori of their daily 
needs (MGD) which the district obtained^ and- the quality of 
the intake water. The pibportiort :is inul tptal 
annual, requirement and then mUltip^^^ per MG 

to treat water at the int^e guality.l For i^xamftple, suppose 
that a district contained only d BGl and a TEL, had^ a 
level i intake .plant, quality 4 ;intak^^water- an^ 
shortage of water at the intake jpoint. '.Suppose^that the 
Master Tables showed that: a BGl requires .1:7 :M^^ 
MG annually; a TEL requires 8 MGD and 2080 MG ahniiaily; a 
level 1 intake plant can treat 3 MGD;: arid the ccy^t per MG 
to treat quality 4 water is $100.* llien the total su^^^ 
needed (MGD) would be 8; 17. The amount obtained would be 
.3.00, and the capacity Would be 3.0^0. The tdtal treatment 
cost would be: 

3.00/8.17 X (41 -f 2080) x $100 = $77882 

The treatment cost per MGD is the total treatment cost 
divided by the MGD obtained. 

— , The last item on 'the table,, ^income from users, is 
the total income from the district's, sale of water. It is 
shown on the intake treatment plant table because, water 
users pay the department only for those portions of- their 
water needs which are provided locally. They pay the local 
price per MG for the niimber of MG*s obtained from the dis- 
trict. 



Whereas a water user may obtain some of its water from 
Outside., all of. its effluent is dumped into the municipal 
sewer system (for municipal water users only) . Thus a dis- 
trict receives revenue only for water provided but receives 
the total amount of effluent generated in the district. On 
the outflow treatment plant table, each outflow plant has 
a row. The first two columns contain; the code number of the 
utility district in which the plant is located and which it 
serves, and the coordinates of the outflow plant. 
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The third column is the treatment type and level. 
• Level denotes the maximum amount of effluent which the plant 
can treat. Type denotes the amount of each pollutant removed 
from the effluent which, the plant treats. The four types 
of plants, in increasing order of pollution removal, are: 
chlorination (CL) , primary treatment (PT) , secondary treat- 
ment (ST) , and tertiary treatment (TT) . 

The sewage .generated by a district may be dumped into 
surface water anywhere ih the simulated region, .although ' 
all of. the outflow for a single district must- be on a single 
surface water parcel. The coordinates of the parcel on 
which the district's outflow .point is Ibcated are given in 
the fourth col'omn. All of the. district's effluent, treated 
or not, is dumped on that parcel. 

The fifth column cpntaihs th:e amount of effluent (in 
MGD) generated by «11 of the water users- ah the district. 
That amouht is eqvia;! to the . amount of water needed shown 'on 
the iiitake treatment plant |:able. The plaht. 'capacity ^Cin/ 
MGD) is in the next column and is the .maximum; -amount which 
can be treated.. If the amount of effluent is greater than 
the plant capacity;,, the difference between the. amount of 
effluent ■ and tiie amount treated' is dumped untreated at 
the outflow -point. The ?.momit treated has an amount of 
pollution removed according tb the treatment type. 

; The total treatment cost, the treatment plant's opera- 
ting cost for the year, is based on the total water users' 
annual requirements (;i£ MG)^, the, proportion of their effluent 
which the plant treated, and the treatment cost per MG 
for the treatment type ard level. The proportion is multi- 
.plied by the total annual requirement and then by the treat- 
ment cost per MG for the treatment type. For example > sup- 
pose that the same district in the example above had ST2. 
e.ffluv-^nt treatment, and that the Master Tables shoWed that 
aleveA 2 has a capacity of 8 MGD and that the treatment 
cost per MG at ST2 is $190. The total treatment cost would 
be : 

8.00/8.17 X (41 + 2080) x $190 = $394,605 

The last column, treatment cost per MGD, is the total 
treatment cost divided by the amount treated (in MGD) . 



The department can set up sampling stations to monitor 
the concentration of each pollutant in the municipal effluent 
which It dumps into the surface water. Municipal sampling 
stations mu^>t be located on parcels where municipal systemo 
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have outflow points* The municipal saniplihg station report 
is a tcible with one row per sampling station; The first two 
columns contain the code number of the utility district 
which the outflow point serves amd the coordinates of the 
outflow point* The next seven columns show the cbncentra-- 
cion of each pollutant in the effluent being dumped (after 
any treatment). Oil and floating splids and high; level 
wastes are either present or not; the^ ^,are riot measured in 
concentrations. Suppose that in the exafdple given above, 
the Master Table showed the effluent content of' a BGl and a- 
TE 1 to be: ' , 1 



BOD Chlorides Nutrients. Colifbfm Tempei-r Oil & High . 
(LBS/MG) (LBS/MG) (LBS/MG) (parts/KG) ature floating "Level 

. , . , . \ / ' . ^ Deyxa'tion^ Solids Wastes 

BGl 200 d 0 10 0 No No 

TEl 500 ?il80' 100 . 50 0 No . No 

Then the volume of pollution before treatment would, be; 
BOD: 200 x Jl3 + 500 x 8 = 4026 Lbs, 

Chlorides: 0 x ..13 + 180 x 8 = 1440 Lbs, ' 
Nutrients: 0 x .13 + 100 x '8 = 800 Lbs, 
Coliform: 10 x .13 + 30 x 8 = 241,3 

'r^ The amount of pollution to be treated would be 8..00/8.17 
of the amount in the effluent. Thus, the , amount treated 
and untreated would be: 

Treated Untreated 

BOD 3945 - 81 

Chlorides 1411 29 

Nutrients 784 16 

Coliform 2 36' 5. 

Suppose that the Master Table showed that ST removed: 

BOD Chlorides . Nutrients Coliform Temper- Oil & .High 
' ature Floating Level 

Solids' Wastes 

80% 60% 50% , 99% 0% 1(315% 0% 

i 

Then the 'amount of pollution remaining in the treated • 
affluent would be: 

BOD: (100 - 80) X 3945 = 789 

Chlorides: (100 - 60) x 1411 = 564 

Nutrients: (100 - 50) x 784 = 392 

Coliform:- (100 - 99) x 236 = 2 
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The total amount of pollution dumped would be: 

BOD; 780 + 81 = .870 

Chlorides: 564 + 29 = 593 

Nutrients: 392 + 16 = 408 

Coliform: 2+5=7" 

The sampling station report would show those concentra- 
tions to be: 

< BOI^: 106.49 LBS/MG (870/8.17) 

) Chlorides: 72.58 LBS/MG (593/8.17) 

Nutrients: 49*94 LBS/MG (408/8.17) 
Coliform: .,86 PARTS/MG (7/8,17). 

The last column in the. tablvs is "the total volume of 
H^^^t^'^ '^^'"P®^ ^he outflow point . Actually the. volume 
of ef-f-luent dumped is unimportant, since the amount of sur- 
face water on a parcel is constant. What -does matter is the 
total amount of pollution dumped, not its. conbehtratioh." 
Once m the surface water, the concentration of each pollu- 
tant depends on' the volume of the surface water ahd the ■ 
amount' of each' pollutant already in the surface water, riot 
on the amount of effluent. 



Water prices are the last, section of the Water Depart- 
ment Report. The two-letter code of eadh activity -arid the 
price per MG aire liste«. The. first activity, OUT, is the • 
Outside price per MG which water users.. pay for any water 
which they cannot obtain locally. That ;price " is the same 
for all jurisdictions and is not controlled' by the depart- 
ment. - ^ - tr . 

All of the other prices in the list are set by the 
department. Note that the department does not set prices 
for basic industries which use surface water > since those 
industries obtain, and treat their own watet The department 
sets one price for each type of economic activity except 
residences. Residence prices are set by residence type 
and by class. The first letter of the two-letter code is 
the class and the second is the residence type. 'LB' would 
be low-mcpme living in residence type RB. Water consump- 
tion by a PI varies by class and residence type. In general, 
nigh-income consume more water than low-income, and RA ' 
residents consume more water than RC residents. See the 
Master Tables for the exact amounts of water consumption 
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Sampling Station Report; Point Source Quality 

The department can sample the effluent discharged by 
any economic activities in the jurisdiction at a fixed cost 
ger sampling station. The concentration of a basic indus- 
try's pollution is shown after any treatment provided by 
the industry. 

The report is a table consisting of one row per sampling 
station. The first column shows the coordinates of the 
activity whose effluent is being sampled. Next are th^ eco- 
nomic owner and the; type and operating level of the activity. 
The fourth column shows the effluent treatment type and 
level provided by the activity, but Is relevant .for basic 
industries only. ,A level one treaibent plant has the capa- 
city to process all of -the effluent normally generated by 
one level of industry. 

The volume of effluent (in :MGD) is next. Basic indus- 
tries .which use :^urface. water can rec^clie. some of their 
water and cut the ainount of effluent generated \lp to 
half of the normal amount. Although the amouiit of effluent 
can be cut, the amount of pollutibh. generated remains tJie 
same. Thus, the pollution concentration is M 
effluent when water is recycled, but no more pollution is 
present than there wbuld be if there were no recycliiig. 

The remainder of the table shows the concentration 
of each pollutant in the activity's effluent. 

Sampling Station Report; Ambient. Quality 

An ambient sampling station measures the concentration 
of each pollutant in the surface water as it leave's a 
parcel and moves to the next parcel. Ambient saSipling 
stations can be set up on any surface water parcels in the 
jurisdiction at a fixed cost per parcel. The type of infor- 
mation provided on the ambient sampling station report is 
basically the same as on other sampling ,s tat ibn reports, 
except that the amount of water is the ar.iount in the surface 
water, and the water is rated in a quality category (1-9). 

Utility Department Report 

This report contains detail on each utility plant in 
the jurisdiction and detail of importance to the department 
as a whole (water and utilities) on undeveloped land and ' 
outstanding bonds. The detail on utility plants consists 
of a table on which each row is a utility plant. The first 
two columns contain the utility district code number and- 
the coordinates of the parcel on which the utility plant, is 
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located. Next is the level of utility plant. Each level 
has a fixed capacity in terms of the number of utility units 
which it can provide. 

The next two columns. show the number of utility units 
installed on parcels served by the plant. The^ number of 
units installed oh a parcel is the maximxun nuiri^ which an 
activity located there can draw upoii. The program rejects 
any cortstruction which would require m6re>ut/in^ W^f^s 
than -are installed .oh the parcels The nuritoer .o^ lihifes 
installed and attached to a> plant are >always greater than 
or equal, to the number of vihits served by :tK The 
units served are .those actually being pdns^umedi 'Units; 
installed indicates actual and^pQtehtia^^ ^ ' 

However, a level of a plahtjhas a -maximCm^ 
of units served; That ifnaximi^^ 

There is an: qptimum hurtoer of; limit^ a ievel; o^^ 

utility piahjt. can serve %.e'low and^ above^ ^thSLt ^hxir^er^ th^; 
operating- cost per unit served (<2qual ^t^^ a. :uniU^. of: incpme^^^^ 
is greater th^ that optimal :m^^ c6s:t: per uiiiJt -s 

Column six, total operating, cost for *th;e^ year,, fs less > . 
in f ormat i ve than co lumn seven , the \6perating^^ 90s t pe r - unit 
served. The last column shows. iJle totUL income, whl^^ 
district receives for .providing utility service^ .Ant eco~^ 
nomic activity pays for only the number of utility uri^^^ 
which it drains, regardless ;of the nmnber .insta^^ the 
parcel on which the activity is located. 

The undeveloped land table shows the Tocation and 
percent of parcel owned Vherever the department owns unde-^ 
veloped land. .Utility plants, intake treatment plants, 
and outflow treatment plants require land. When a building 
is constructedif land, is subtracted from the department's 
undeveloped larid account. 

Each outstanding bond Is listed on the bond table, one 
row per bond* The first i4em is the type of bond, capital 
or current* A capital bond has a term of 25 years; a current 
bond has a term of 2 years. The original principal, remain- 
ing term>^interest rate^ and annual payihent are given. The 
remaining term is the number of rounds after tJie current 
round in which the department must make the annual payment. 
The annual payment is calculated by the computer to pay off 
the bond in equal installments each year, and the payment is 
made automatically by the computer from the department's 
current account. «• 
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COMPUTER OUTPUT EXPLANATION FOR THE 
'SCHOOL DEPARTMENT 



The School Department for each jurisdiction receives 
three sections of computer output: the SCHOOL DEPARTMENT 
REPORT, the CONSTRUCTION TABLE, and SCHOOL DEPARTMENT 
FINANCES. 

School Department 'Output 

This report information is divided into five sections:. 

School Units -supply, demand and use index for 
each school district. • : • 

Undeveloped Land; - iocatioh and' amount of undevelr- 
oped- land owned; by the- depar 

Contracts. - contractural, a^reemehlfcs to -purchase 
business goods and, leryices from- ;sp4crfic suppliers 

Adult Education - supply of and demand fro adult ■ 
education programs i 

Boycotts - information on social classes' boycotting 
School- Department jobs. 

1. Characteristics of School. Facilities 

The first column gives the nximerical identification of 
the School facility. Each facility in the local system is 
given a unique identification number that is used on the 
computer maps. 'I " . 

The second column gives the parcel location of the 
School facility. The third column provides the development 
level of the School facility. These facilities may be built 
or upgraded to one of three levels.. 

The fourth column gives the maintenance level for the 
school facilities. The department may change the mainten- 
ance level for any school facility. The maintenance level 
IS the lowest level to which the value ratio will be allowed 
to decline before maintenance ' expenditures are incurred. 

The fifth column is the value ratio for each school 
facility. The value ratio is a measure of the present 
value and effectiveness of the plant and equipment in re- 
lation to "brand new" plant and equipment. A value ratio 
of 80 means that the effective capacity of an educational 
.£?cility is reduced to 80 percent of what it would be if the 
value ratio were 100. 
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The sixth, seventh and eighth columns show the ntunber- 
of student? from each of the three classes that attend 
public schools in each of the districts. 

Columns nine and ten show the ehiployment mix requests 
m terms of population units. The final column shov ^ the 
School Use Index. It is the ratio of ' loading (demand) to 
effective capacity (supply) -multiplied times 100. 

If the School Department did not hire all the popula- 
tion units it requested, the following message is" printed: 

"7 MIDDLE INCOME TEACHERj REQUESTS NOT FILLED" 

This would indicate that '7 PM's were not hired. 



2. Undeveloped Land 

This table showu -the parcel iocatioh for undeveloped 
land owned by the School Department. It also sho^h the 
percent of the parcel owned by the departmerit. The percent 
of a parcel required for a level one school facility is" 
shown in the School Master Table'. . 



3. Contracts 

The School Departmerit purchases goods and services each 
round as part of the costs of operating and riiaintdining 
their school facilities. These purchases are made from BG 
and BS establishments in- the local system if contracts to 
do so are submitted to the computer by the department. If 
no contracts to purchase locally supplied goods and ser- 
vices are made, then all needed purchases are made from the 
outside system. 

The contract table shows the type of good or service 
in column one. In the second column, the owner of the 
establishment supplying the good or service is indicated. 
The third column shows the parcel location of the supplier 
if it is a supplier within the local system. 

The fourth column shows the percent of total purchases 
made from BS and BS suppliers. The fifth column shows the 
cost per EG and BS unit being charged by the supplier. 
(The outside prices are fixed.) 

The sixth column shows the number of BG and BS units 
purchased and the last column shows the total cost. This 
cost is derived by multiplying the cost per unit times the 
number of units purchased. 
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'5/^ ' Adult Education 



The School Department may operate a public adult edu- 
cation program if it wishes and can afford to pay the costs* 
The demand for public adult education is generated by the 
time allocations for free adult education by population units 
in the Social Sector* 

I.t is assumed that adult education is carried out in 
the same school facilities used by the children in^ the public 
schools? therefore, the only cost to supplying adult edu-* 
cation services is the hiring of part-time teachers. 
Teachers may be hired in any desired mix from the PH and 
PM classes* 

The first two columns show the number of part-time, work 
units requested by the School Department from the PH' and 
PM classes, respectively.. Since the School Department com- 
petes in th'e^^Iabor market with all ,b."Uier employe^^ of . 
part-time workers^-^there^ is a chance that occasionally riot 
all the-^te'achers sought will actually be. hired. Therefore, 
columns three and four show the part-^time work units actually 
obtained. . 

The capacity of the adult education program is obtained 
by multiplying the high income part- time units actually 
hired times 15 and added that to the nvunber of middle income 
part-time units multiplied by 10. Thus PH teachers^ pro- 
vide 50 ^percent more capacity per work unit hired than PM » 
teachers. 

The used capacity is the number of leisure time units 
allocated to public adult education that were able to be 
served by the actual capacity of the adult education pro- 
gram. The unmet demand Cif any) is the excess of the de- 
sired amount of time spent in public adult education by the 
population units of the local jurisdiction over the ampunt 
that was actually able to be spent given the capacity of 
the jurisdiction's adult education program. 

At the bottom of the Adult Education Table, the local 
school age population in the jurisdiction is shown along 
with the number of these students who attended the public 
schools and the number who attended private schools. The 
population units whose children attended private schools 
had to pay the specified tuition per student as shown in 
the School Master Table. 
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The salary offered PH. and PM teachers is also listed 
at the end of the Adult Education Table. The same salary 
is offered to full time teachers for day classes and part- 
time teachers for adult education classes. 



5. Boycotts 

The Boycott Tabla shows three bits of information on 
the boycotting population units (team controlling/ income 
class, and function which for School boycotts will always be 
work) . Three bits of information are formatted for the " 
boycotted employer. When the :School Department is the em- 
ployer being boycotted, "SC" and the jurisdiction number 
appear under the third column heading entitled "owner". 



NEW CONSTRUCTION 

The Construction Table shows projects that were^ com- 
pleted, at the beginning of the round and therefore were 
in operation for the entire round. ^Outside" indicates 
that an outside construction firm performed the construction. 
The site location is the .parcel on which tlie school facility 
was constructed. The status will, always appear as "Completed 

Old level is the previous development level for the ■ - 
school facility. A zero indicates that no schopl facility 
previously existed on that parcel. Vhe new level is the 
present development level for the school facility after the 
construction. The price of construction is indicated along 
with the department specified maintenance level (this applies 
to the entire structure) and the specified employment mix 
(this applies to the entire structure) and the specified 
employment mix (this applies to the new total level not 
only to the newly constructed increment; . 



SCHOOL DEPARTMENT FINANCES 

Outstanding Bonds. - This table shows the type (capital 
or current) of bond, the original principal, the number of 
rounds remaining to pay off the bond (all bonds start as 25 
or 2 year bonds) , the rate of interest being charged on 
the principal (determined by the state of the national bond 
market in the year the bond was floated) , and the annual 
payment that must be made on the debt. Bond payments on a 
bond floated in round T being in round T+1. ' Thus a current 
bond incurred in Round 2 will start being paid off in Round 
3 • 
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COMPUTER OUTPUT EXPLMJATION FOR THE 
MUNICIPAL SERVICES DEPARTMENT 



Muriicinal Services Department Output 
This report information is divided into five sections: 

1. MS Characteristics -.supply, demand and use index 
for ^ach MS plant and totals for the jurisdiction 

2. Contracts - cohtractural agreements ro purchase^ 
business goods and services from specific suppliers 

3. Undeveloped Land — locatioh-and amount of undevel- 
oped land owned by the department 

•* 

4. Outstanding Bonds - information on bonds still 
requiring annual payments 

5. NeV Construction - information on , the location/ 
costS/ and operating characteristics of new MS 
facilities . 

6. Boycotts - information on social classes boycotting 
MS jobs. 

1. MS Characteristics 

The .first column gives the numerical identification of 
the MS facility. Each facility in the represented area is 
given a \inique identification number that is used on the 
computer maps.- 

• • 

The second column gives the parcel iocfation of MS 
facility. The third coliamn provides the development level 
of the MS facility. These facilities may be built or upgraded 
to one of three levels. 

The fourth column gives the maintenance level for the 
MS facilities. The department may change the maintenance 
level for any MS facility. The maintenance level is the 
lowest level to which the value ratio will be allowed to 
decline before maintenance expenditures are incurred. 

The fifth column is the value ratio for each MS facil- 
ity. The value ratio is a measure of the value and effec- 
tiveness of the plant and equipment in relation to "bra. 
new" plant and equipment. A value ratio of 80 means that 
the effective capacity of a MS facility is reduced to 80 
percent of what it would be if the value ratio were 100* 
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The sixth column is the effective capacity of ser;.vice 
or the MS supply provided by each MS facility. This riumber 
IS derived by finding the capacity . that would be supplied 
as determined by the MS level and employment mix and mul- 
tiplying this times the value ra^o expressed as a percent. 

The seventh column is the MS loading or MS demand gen- 
erated by the population units -and business activities loca- 
ted withm the MS district boundaries. The MS units demanded 
by each type of activity is shown in the MS Master Table. 

: Columns eight and nine show the employment mix requestes, 
m terms of population units. The- final column shows the MS 
Use Index. It is the ratio of loading (demand) to effective 
capacity (supply) multiplied times- lOQ. 

The salaries offered per worker to PL and PM employees 
IS listed below the table along with the designated welfare 
payment per unemployed worker. 

^ If the MS Department did not hire all the population, 
units It requested, the following message is printed : 

"EMPLOYMENT SHORTAGE LOW 5;- MIDDLE 0" 
This would indicate that 5 PL's were not hired. 

2. Contracts 

The MS Department purchases goods and services each 
round as part of the costs of operating and maintaining their 
MS facilities. These purchases are made from BG and BS 
establishments in the local system if contracts to do so are 
submitted to the computer. If no contracts to purchase 
locally suppliedgoods and services are made, then all needed 
purchases are made from the outside system. 

The contract table shows the type of good or service 
in- column one. In the second column, the owner of the esta- 
blishment supplying the good or service is indicated. The 
third column shows the parcel location of the supplier if 
it is a supplier within the local system. 

The fourth column shows the percent of total purchases 
made from BG and BS suppliers. The fifth column shows the 
cost per BG and BS unit being charged by the supplier. 
(The outside prices are fixed.) 

The sixth column shows the number of BG and BS units 
purchased and the' last column shows the total cost. This 
cost is derived by multiplying the cost per unit times 'the 
number of units purchased. 
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3. Undeveloped Land 



This table shows the parcel location- for undeveloped 
land owned by the-MS Department, It also shows the percent 
of the parcel owned by the department. The percent of a 
parcel required for a level , one MS facility is shown -in the 
MS Master Table. 

4. Outstanding Bonds 

This table shows the type (capital or current) ' pf bond, 
the original principal/ the number of rounds remaining; to 
pay off the bond (all bonds start as 25 or 2 year bonds)., 
the rate of interest being charged on the principal (deter- 
mined by the state of the national bond' market .in the year 
the bond was floated), and. the annual payment that must be 
made ^ on the debt* Bond payments oh; a bond floated in row 
T begin in round T+1. Thus a current bond incurred in Round 
2 will start being paid off in Round: 3. 

5. New Construction 

The Construction Table shows pro jects tJiat were com- 
pleted at the beginning of the round emd therefore were 
in operation for the entire round. "Outside"/ indicates 
that an outside^ construction firm per-formed the construction. 
The site location is the parcel on whicb the MS facilrity was 
constructed. The status will always- appear as "Completed". 

Old level is the previous development level for the MS 
facility. A zero indicates that rib MS facility -previously 
existed on that parcel. The hew level is the present devel- 
opment level for the MS* facility after the ccnstruction. 
The price of construction is indicated along with the 
department specified maintenance level (this applies to the 
entire structure) and the specified employment mix (this 
applies to the 'new total level not only to the newly con- 
structed increment) . 

■ 

6> Boycotts 

The Boycott Table shows three bits of information on 
the boycotting 'population units (team controlling, income 
class, and function which for MS boycotts will always be 
wijrk) . Three bits of information are formatted for the 
boycotted employer. When the MS Department is the employer 
being boycotted, "MS" and the jurisdiction number appear 
under the third column heading entitled "owner". 
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Municipal Services Department Finances 

This rrport summarizes the department's financial 

^^''.^i'' previous .year. See the Introduction 

oov^rLonrr K ^^"^il the standard 
governmental budgetary procedu;.e. 



00 
U 



n 



it 

« 
« 

« 
« 

« 
« 
« 
« 
« 

« 
« 

« 

« 
« 
« 

« 

« 
« 



« c 

« 



if: « 
<^ 

c 

a: ^ 

« 

a * 
^ * 

^ * 
c « 
i/> * 
* 

rD ^ 
-J 

« 
« 
« 

« 

« 
« 

« 
« 

« 
* 
« 
* 
« 

lU «> 

< « 
^ * 

I- « 

? « 

ac « 

H « 
d « 
«T « 

*, « 
oJ # 
C # 

iXJ « 

a « 

> « 

a: « 

< ♦ 

^ « 

« 
« 



O 
2 



O 

o 
o 
< 



u 

< 



IL' 
O 

z 
< 

< 

CD 
I- X 

lU <• 
o: u 

D «/) 
O 

> 

UJ 

a 



o 



UJ 

u 
z 
< 



c o c c 

CO o 



c o 

o o 

o ^ 

c c 
fs: 



in 
in 



O 



^ £ < 
H C 

< U UJ 

z:k 
a o ^ <r 
</5 a z >^ 
UJ o »-* • «/> 

D a O O 

z a z t/5 o 
ui a o ^ UJ 
> < cc a: u. 

Ul 

a: 



• • • 

o o o 
o o 

OX5 

o c 
o o 
m o 

O 



O Ul 
HO 

X < u 

•I z 

< < a o 

HO. CLZ 

O • 

at/) (/) a o u 

< D u» a 2 
u o D a c 

2.< CC Z 
> Ul 
Ul > 
CL Ul 

o. or 



I c 

I IT 
•I O 

0- 



o c c o fs: 
Co o m 



J in 



o c 
^ c 

in 



c 

o %c 
a c 

h» CO 



< 
O 



2 

Ul 

:e 

ui^a 

'Of r- 

D U; 

O U. 
2 U 
UJ Ul 
CL X 
K 



UJ ^ 

o 

> =3 

UUJ 
V).Z 

- <^ 

+ iJ 

t/:-ui 

CO 
C 



2 
UJ 

>- 

UJ 51 

< c 

•J 2. 

< c 



I o 
I o 
I o 

18 

« in 



• • • 

coo 

CO 
CO 

O IT 

o 
d 



O 



i/) u 
Ul D 

a oc 
r> H 

^ z 

O o 

Ul 

a. 

X 
Ul 



Ul (/) 

< o 

X UJ 
U 2 
CC < 
D -I 
O. ^ 

o u 

Z iA 

< 1^ 

-J £ 



I in 
I H 



c 



o 



< 

H 

C 



o 
o 
o 



I in 
I o 



o 

CO 



Ul 

2 

<> 

< 

CO* 

X 
cr 

V 

UJ 

z 



o 
c 
c 
in 
<^ 

in 

oc 



< 

K 
O 



Ul 

u 
z 



< 

X 
i/) 
< 
a 

Ul 

z 



212 



ERIC 



planning and Zoning Department Report 



This one-page output summarizes the amount of park- 
land and public institutional land provided by the depart- 
ment and the financial status of the department. 

The department has the power to purchase land for parks 
and to develop parkland into public institutional (museums, 
zoos, etc.) land uses. Park faci.\ities affect where people 
select housing. 

The department also has the power to zone land to 
restrict what types; of economic developments can be 
constructed on specific parcels . The depa^tmen can 
greatly affect the patterh> and fate of^- gf bwth in the 
jurisdiction. 

Further details on Planning arid\Zpnihg are contained 
in the description of the maps which most directly relate 
to this department. - 
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Figure S.IO 



TWOCITY 

PLANNING C ZONING OEPARTMENT REPORT JUR I SHI CT T ON 1 ROUND 7 



THE POPULATION IS 123.000 
TOTAL PARKLAND. IS 3.96 SQUARE MILES 
TOTAL INSTITUTIONAL LAND .IS 0.0 SQUARE MILES 
POPULATION PER SQUARE MILE OF JNSTI TUT LONAL LAND .IS 

(NATIONAL AVERAGE IS 100000) 



0 



THERE ARE NO OUTSTANDING BONDS 



FINANCIAL ACCOUNTING 



PREVIOUS CASH BALANCE 

REVENUES 

APPROPRIATIONS 

RONDING 

MISCELLANEOUS 



2000000. 



2000000, 
0. 
0. 



TOTAL 



2000000. 



EXPFWDITU'>FS 

PUBLIC INSTITUTIONS 
BOND PAYMENTS 
LAND PURCHASE 

miscfllAncous 



0. 
0. 
0. 

380000. 



TOTAL 



380000. 



N^W CASH lULAfJCE 



3620000. 
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Highway Department Output 

The Highway Department controls the construction of 
roads and terminals arid the mai'nten&nce of roads. Roads 
are located between parcels and consume ^land from Loth 
adjoining parcels; a terminal is located at cofiTers of 
parcels (intersection) and consumes land from the four' 
parcels which border the intersection. Roads arelused by 
population units to travel to and from employment and shop 
locations and by basic industry and commercial' establish- 
.ments 'to transport products to terftiirials and "to purchase 
the necessary goods and, services for maintenance and normal 
operations. Population units" travel to work during peak- 
hour travel* only. . 

There are three types of highways.: HYl, Hi'2:. HY3.- 
An HY3 is the largest road,, andr the- cheapest to travel on. 
The type of road determines . its design capacity in terms 
of the number of vehicles which it can 'handle without 
congestion when it is in the best condition. , Highways 
depreciate as a function of use. The 'value ratio of a 
segment of highway is the percent of its^ design capacity 
which It can actually handl.e. The lower the value ratio " 
of a road, the less its effective capacity. 

Road congestion- occurs when there are more vehicles 
using a road segment than can be handled by the road. 
Congestion is recorded only during peak-hour, travel . When 
congestion occurs, it takes additional .time for population 
units to travel along the congested' road segment. The 
amount of additional time is directly proportiorial to the 
amount of congestion on the highway. For example, if the 
peak-hour congestion is 110%, the time to travel a road is 
10% greater than otherwise. Time consumed in transportation 
to and from work affects the allocation of leisure time in 
the social sector. 

Terminals are used by heavy industry, light -industry, 
and business goods. Industries use terminals to ship 
output to national demanders and BG receives goods from 
national suppliers. 

Highway Department Finances 

The Highway Department receives income to its current 
and capital accounts from various sources. These include 
appropriations, Federal-State aid, bonds, and miscellaneous 
income. Appropriations are distributed to the current and/ 
or capital accounts of the department by the Chairman. The 
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Figure 8. 14 (Cont'd) 
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department must request Federal-State aid for road 
construction from the computer and if it is granted, the 
aid can be used only for the approved project. The 
department does not receive the aid until the approved 
project is performed. Current bonds are automatic^.lly 
floated by the couputer if the current expenditures of 
the department exceed its current revenue. Current bonds 
have a duration of two- years and the interest irate is set 
by the computer. Capital bonds may be floated for the 
department by the Chairman subject to a referendum by the 
social Tsector. Capital bonds have a duration 6£ 25 years 
and the interest rate is set by the computer. Idiscellanr- 
ecus income includes such items as cash transfers to the 
capital ^o'r current account of the department and income 
from the sale of land (capital account only) . 

The Highway Department spends money on road mainten*^ 
ance, bond payments, miscellaneous, construction and land 
purchase. 

The Highway Department must purchase business goods 
(BG) and business servicers (BS) for the maintenance and/ 
or renovation of its roads. BG and BS are purchased by 
the Highway Department at fixed costs from the Outside 
System. Bond payments include payments on- interest * 
and principal of outstanding capital and current bonds 
floated by the department. Miscellaneous expenditures 
involve cash transfers' from the capital or current 
accounts of the department to an economic, social, or 
governmental decisions-maker, or from one account to 
another account. 

Each outstanding bond is listed on the bond table, 
one row per bond. The first item is the type of bond, 
capital or current. A capital bond has a term of 25 
years; a current bond has a term of 2 years. The original 
principal, remaining term, interest rate, and annual pay- 
ment are given. The remaining term is the number of 
rounds after the current round in which the department must 
make the annual payment. The annual payment is calculated 
by the computer to pay off the bond in equal installments 
each year, and the payment is made automatically by the 
computer from the department's current account. 

Below the outstanding bond table is a table which 
shows the maintenance level, number of segments, and 
average depreciation of each road type. The Highway 
Department specified a road maintenance level by road type, 
not for each individual road segment. 
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The next table shows the location of road segments at 
each value ratio (depreciated value before maintenance) . 
Below, a road's coordinates is its congestion, the amount 
which the road is used in peak-hour transportation in 
excess of its effective capacity. If a road showed a 
congestion of 30, it would have 30% more, use it could 
effectively handle. 

The detail on terminals shows the location, level, 
design capacity (in terminal units)., and terminal units 
used there. 

The location and amount of land (in percent of a 
parcel) i'; shown for all undeveloped land owned by the 
department. 

Last, a table shows the locations of roads f or - which 
Federal-State aid has been granted but which have yet to 
be constructed. The road type for which the aid has been 
approved is also shown. 

Highway Department Construction Table 

This output shows the site location, type of con- 
struction (road or terminal) , and old and new level of 
development of all construction or demolition* decisions 
input by the department and accepted by the computer 
during the previous round. 
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Bus and Rail Company Reports 

Although the Bus and Rapid Rail Companies are separate 
sec^i^n^'dnf ? ^^P^^tments, they will be treated In Se sjJe 
nmiied ?o % S,-^^? similarities between the two. Neither is 
aSho?ity? ^ jurisdiction; both have interjurisdictional 

modes^al ^rLc^^ISJ^r^""^ Rapid Rail Company provide additional 

transportation, (besides automobi.le) to the popu- 
lation units who live and work in the simulated area. Pop- 
u l a tion units take bus or rail to work only , they do nor?se 
either mode ot transportation tor shopping; 

*.hr.^^^!l^ ^'^S/"? ^^^^ ^^^^ Companies own rolling stock with 

^rvLrfnH?^%^^''fi' °^ ^^^^^^^ ^^'2, and 3). Level of 
service indicates the actual number of buses or railroad cars 
which may serve a particular" route. ' 

servp?hv"f^ °^ passengers (capacity that can be effectively 
served by a rail or bus route) is determined by its level of 
service. The design capacity of a bus or rail roSte ilno? 
necessarily Its effective capacity. Effective capacity is 
determined by multiplying the, value ratib of equSeif 
til^t%^\i^^ capacity. Effecti^^e capacity 

S?i r J ''^^''^^^ employment. If the Bus or Ra^id 

reaiester"?h"''^r^? employees which it 

requested, the actual effective capacity of that route is^ 

been°me? employment heedl had " 

It must be noted, however, that effective capacity does 
r^?/^^rK^° °^ P^°P1^ actually Sse a bL or 

Iff^ Z'^^ ""^^^ "^^y fewer or more people than 

J-^''^ capacity. For example, the bus service Sith 
opnnff i''^ capacity of 5,000 may actually be used by 6,000 

i : ? ^^f^ a case the computer has decided that for 
in tSrSrSf^Z-'^^^P^^^ overcrowding, it is still cheaper 
^Sde'S\?f„s'pS?t""'^ '° '^'^ ^ "'^^^ .^^^'^ 

The Bus and Rapid Rail Companies do not buy individual 

eaufpmenf Sr''^^''??'* /"'^"^ purchase^ui??s of 

equipment for each mile of service. Forty units of equip- 
ment are required to operate a bus (level of service = 1) 
IZrlti m""^ ?° r^^^ equipment are required to 

?f nn^!», i I ^^^""^^ °^ service =1) for one mile. Equipment 
IS purchased from the Outside System. ^^j-t^nenx. 
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Bus and rail equipment which is used depreciates at an 
average rate each round. Goods and services fo? mainteLnL 
are automatically purchased from the- IntslZ System a e 
the computer) at fixed prices. i'Ystem (i.e.. 

The Bus and Rail Companies employ workers from middi»= 

S?ouah''?C'usu°? ""'^^ ^'"^ ''^-y oKain ^Seir -woike^s 

■ n^f DM ^"f^ employment process handled by the computet 

Snftrn^\^V°''^^"^ supplies 1,000 units of labor and sf 
^?ce - n Sr°L?rn'^"t^"? '° ^ (level Si ser- 

PM of wnrv^^. K ^i*"""^^ °^ service. =. 1) for one mile. One 
PM of workers therefore serves 20 miles of a BUSl or RAILl. 

r.n fr^^""^ ^""^ assigned to travel to work by bus and/or 
rail by the computer. The basis upon which a popuUtioS uhit 

?h^ dSna^ S:Le'or'.i^""^'° rail transportation 

sociffdec^Iio^n-^^ker's!'' - assigned by . 

time S?rfKriSl^°?-^^^^ u^^^ dollar value of 

time will take the cheapest but probably the loiiaest mm-^ ^-f 
transportation to- work. Those population ' units wlt^- I hiah 

modi^nf''?'"^ °' ^^^^ ^^^^ a more expenS-ive SSt quickeJ 

mode of transportation to work. quicker 

consid^e'rs^hl^^^^^^^^^ ^l^^!^^ the. computer 

?^ w ''S^^^ °^ ^ population unit are $150 peJ yea? ?o aet 

qSi^es an^xtraT.^''° '° ^^^o! il alsl rl" 

auin ?? J "'''•^^ ^° ^^avel by bus instead of 

was set ft sin •i^'' ""fi"^ °^ ^^"^^ ^^^t population unit 

if them $150 plus 4 units times 

$40 (dollar value) or $310 to get to work by bus? Tc take 

fori' It ^'^^^^ ^i"^^ "^its consS) . There- 

to travel ITlTrt^'fT^^ population the bus moL 

to travel to work (i.e., $310 < $320). 

set tfssS^ ^^L^'^tV TSTk ^^^"^ °f time was 

faec CO %.bu. Then, the total bus cos.t would be $150 nlii«; 4 

cTsl onJy'%32r''^h° T^"^^ °^ $350 .'^^to^wOSd ' 

population un?;s rtf^^?''^' computer would assign these 
population units the auto mode to work (i.e., $320 <: $350). 

Once a PI takes bus or rail on the trip to work, it can 
no_ longer consider auto to be a modal option during th^t 
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Buses travel along roads and trains go along tracks. The 
Bus Company must therefore specify routes only on existing high- 
ways, while the Rail Department can have routes wherever they 
build tracks, including on the diagonal across parcels and 
either overground or underground. Routes must begin and end 
at intersections. Further, although bus and rail transport 
workers to and from their place of employment, the direction 
of the route— is-specified in order to meet residence to work 
demands. For example., assume that people live in the parcels 
above the line 15 and that most employment locations are at 
parcels 7018, 7020 and 7220. 
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= work area 
= living areas 



IHH = rail routes 
iiiiiiiii = bus routes 



^ = railroad stations 

The routes that should be specified are the morning routes 
that bring people to work. In this instance they are 7113 to 
7119 (for bus) and 7713 to 7119 (for rail)- A bus stops at 
every intersection but a rail will stop only where there are 
stations and there can only be stations at intersect5.ons- In 
the example above therefore, the rail has three stops: 7713, 
7515, and 7119. In planning routes decision-makers for bus 
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and rail will often discover that a key element involves the 

Although buses do not require land (they operate on 
pe? m??e^ ' ^^'^uire land (on'^lu^lr side) 

Shf.h ^ ^^agonal track requires land from each parcel 

which It crosses. All land must be purchased by the company 

^ot°req\^r^'^a^°S!'^"^''°" °^ ~rouL'^Ln?L"L 
Financial Report 

Like the Utility Department, the Bus and Rapid Rail 

Sf5^^^^".^"^^^"'P^^^^^^ therefore do not 

Snmnin?.^ ''S''^ appropriations from the Chairman. Both 
?^?^^"' however, can receive income from any of the 
tollowing sources: 

♦•ho rhI,-v^""^f^^^L^- public subsidies granted by 

Smpany' ^''"^"^ °^ accounts of either ^ 

2. Bonds. Current bonds are automatically floated by 
the computer if the current expenditures of either company 
exceed current revenues. Current bonds have a duL?iSn Sf 
two years and the interest rate is set by the compute? 
Capital bonds may be floated .for either companrSy ^he* Chair- 
man subject to a referendum by the social secSr. Capita! 
bonds have a duration of 25 years and the interest rate is 
determined by the computer. mrerest rate is 

r«mr,=.l*, primary source of income for the Bus 

Company and Rail Company is the fares which they charge to 
passengers who use their ser^ ".ce. Pares are deducted by the 
tZrJ^^^ ^^""^ ""^^ accounts of population units represented by 
2IS ^iipffror^or^"" '^^^ °^ 250 trips lo wo^k and 

th^n^™S ° r""^ (round). The fare charged by 

calcS^S'^b^L^^^ worker-trip; the yearly aSouni^s 

calculated based on two trips per day, five days per week 
fifty weeks per year (i.e., single. tiip fare timel soon 



4. Miscellaneous. These revenues include such items 
as cash transfers to the capital or current accounts of either 
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Expenditures 



The Bus and the Rail Companies spend money on the followi 
items; 

Vehicle Maintenance , This includes the cost of 
maintenance and renovation costs of vehicles owned by the 
companies. It involves purchases of goods and services at 
fixed prices from the Outside System (i.e., the computer). 

2. Salaries . Since both companies hire middle income 
(PM) workers, they must of fer competitive" salaries. 

3. Bond Payments . These include payments on interest 
and principal of any outstanding capital or current bonds 
floated by either company. 

4. Miscellaneous . These expenditures Include cash 
transfers from the. capital or current accounts of the company 
to an economic or social or governmental decision-maker, or 
from one account to another account. 

5. Vehicle Purchase . This is a capital expenditure for 
the purchase of rolling stock. One unit of equipment (either 
bus or rail) has a fixed cost of $10, 000.. If any stock is 
sold, this item will • subtract the selling price of stock and 
may indicate a negative number ^^ich will. be crediterX to the' 
capital account of the company. 5,'he selling price of a unit ■ 
of equipment is defined as: .50 times value ratio of equip- 
ment/100 times the original purchase cost of a unit of equip- 
ment . 



6. Station Construction. (Rail Company only) . This 
includes expenditures for building stations. 



7. Track Construction . (Rail Company only) . This 
includes expenditures for the construction of rail tracks. 
The cost of diagonal tracks is a function of the hypotenuse 
of the triangle formed by the rail segment. This relation- 
ship is explained below: 

Distance for Diagonal Rapid Rail Segments 

Horizontal Distance Between Stations 



Vertical 
distance 
between 
stations 



1. 

2 

3 

4 

5 



1 

1.414 
2.236 
3.162 
4.123 
5.099 



2 

2.236 
2.828 
3.606 
4.472 
5.385 



3 

3.162 
3.606 
4.243 
5.000 
5.831 



4 

4.123 
4.472 
5.000 
5.657 
6.403 



5 

5.090 
5.385 
5.831 
6.403 
7.071 
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8. Land Purchase > (Rai3 Company only). This item in- 
cludes expenditures for land p^. rchased from the governmental 
or economic sectors or from the Outside System (i.e. V the 
computer) . * 

Employment 

As the Bus arid Rail Companies hire employees (PM's) in 
groups of 160' workers, it is in the companies • interest to 
keep the total combination of service level and route lengths 
such that ••Personnel Required** is equal to or slightly below, 
a multiple of 160. For example, if 328 personnel are re- 
quired, three PM's would be requested and paid .for although 
only slightly more thari 2 PM' s would be utiPized. Personnel 
requirements can be , calculated using route miles 'and level 
of service. 

Rolling /Stock ; - * , 

Units' Owned is the. total ntimber of equipment units bwied 
by the company; purchase of sales of equipment are shown here. 

Units in ^ Use is equal to the units required up to a max- 
imum of Units Owned; Units in Use is the number of equipment 
units which undergo depreciation. 

Serviceable Units is Units Owned times the Average Value 
Ratio/lOO. 

One of the considerations entering inio the passenger 
capacity of a route is the ••effective" number of units/mile 
operating on that route (employment and level of service are 
the other considerations). Ea'jh mile of level one route has 
a requirement of 40 equipment units for full capacity. The 
total requirement for the system is summe<3 under Units Re- 
quired . The actual number of units used is the lesser of 
Units in Use or Serviceable Units , For example, if the units 
required is 400 and there are only 200 serviceable units, 
then the passenger capacity is half of the desired capacity 
of the system. 

Passengers 

The number under Total Passenger^ includes transfers 
from one route to another which is done at no cost. There- 
fore, they are not all full paying passengers on that route. 
Passengers who transfer between modes pay costs for each — 
mode. That is, a worker who drove to a bus station, took 
a bus to a rail station, and took the rail to his place of 
employment would pay an auto cost and separate fares to the 
Bus and Rail Companies. 
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In order to economically carry passengers. Bus and^ Rail 
routes -must take PPss from where they live , (or from where they 
can economically drive to where they work). Thus, ±t is im- 
portant both that the routes have stops (or stations) in many 
residential lopations (and in higher residential density lo- 
cations) and that the routes provide access to a number of 
work locations. It would be very^ uneconoTtiical to : have a 
long winding 'route through low density residences terminating 
neiar only one or two employment Ipcations. X^Ypical cost/mile 
and break-even fares are noted in the Master tables. ) As. 
mentioned in the Players' Manual, tjie routes are directional 
and are specified to carry workers frc^ residenbes. ;to their 
employment location'; if a- route^is specif ied /A -^fe-—)C — >b, 
the route would not carj^, passengers from C to B. A new 
route C — >B would have to be specified. - 

Routes . ' 

This portion of the output indicates, by route where the 
bus or fail stops, how maris^ passengers got off at tiiat ^stop, 
how many got on, and how many passengers are riding between 
stops. This information indicates what portions of a route 
are underutilized and which .are--:ovef crowded- and thus should 
affect decisions involving extending, deletin^^ of^upgrading 
a particular route. The figure for Total Passengers^ under 
the transit summary is the sum of all passengers ^riding 
the given route, not their distribution; i.e., a route 
(level 1) may have 9,000 total passengers, but yet: be dis- 
tributed in such a manner. that no segment of the route is 
overcrowded. Data on which segments are overcrowded would 
come from the Routes output. ; If a route is highly over- 
crov/ded in one round, the computer will probably assign a 
much lower ridership the following found. 

Additional information for each PI on where they live, 
where ^ they work, and mode/ route and cost of transportation 
is given in the Employment Detail . 
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APPENDIX: SEQUENCE OF COWUTER PRINT-OUT 



Sequence of Computer Print-Out 

Although sections of the computer output can be dis- 
tributed in any order and in any combination to players, 
It is printed in a fixed order with which the director 
should become familiar. The overall order of output is: 



1. 


Migration 


2. 


Water System 


3. 


Employment 


4» 


Commercial Allocation 


5. 


Social Sector 


6. 


Economic Sector" 


7. 


Social and Economic Summaries 


8. 


Government Detail, 


9. 


Summary Statistics 


10. 


Maps 



Within each of these major output sections there are 
several subsections • An additional section of print-out 
results from the processing of decisions on a data base. 
That print-out, called EDIT,, has no fixed sequence within 
it; the order of decision input is the order in which EDIT 
processes and lists player and dir.ector dGcisions". The ^ 
EDIT print-out is separate from the print-outs listed 
above. These print-outs reflect the simulated region's 
status in response to the previous year's data base and 
any changes made to it through EDIT. 

Each subsection of output has its own title, but on 
every subsection the heading for the data base and the round 
number are printed. A list of the titles of print-out 
sections in the order in which they are printed and a des- 
cription of each are given below and are summarized on 
the next page. 

Print-Out Section Description 
!• Migration 

For each class v;hich can live on 
each residence parcel, this shows 
the value of each component of 
the environmental index based on 
last round's pollution index, MS 
use index and school use index 
and this round's residence quality, 
rent, tax rates, and* welfare rates. 



Environmental 
Indexes 
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Print-Out Section 



Description 



Personal Indexes 



Migration Detail 



For each class living on each 
residence parcel, this shows the 
value of each component of the 
personal index based on last 
round's time allocation, resi- 
dential crowding, MS use index, 
and coliform bacteria index. 

For each residence parcel and for 
each class which lived on the 
parcel iiranediately before or 
after the migration program ran, 
this shows the number of -Pi's 
in the class now residing on the 
parcel and of those who moved, 
why they moved and where they 
came from and went to. 



Migration 
Statistics 



Migration Summary 



Number of in-migrants, out-^ 
migrants, internal migrants, • 
and natural population growth ( 
by jurisdiction and class. 

The number of Pi's who moved 
between or within jurisdictions 
by class, by jurisdiction and by 
reason for moving. 



Water System 

Water User 
Effluent Content 



For each economic activity and 
municipal water system, the 
volume of effluent dumped into 
the surface water and the amount 
of each pollutant in the effluent 
after the effluent has received 
any treatment. 



River Quality During For each of the five stages in 
Surface Water Process the surface water process and 

for the surface water on each 
parcel through which a river 
flows, this shows the water 
quality rating, the volume of 
water, and the amount of each 
pollutant present* 
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Print-Out Section 



Description 



Water User Costs and 
Consumption 



Coliform and 
Pollution Index 
Values 



Employment 

Employment Selection 
Information for Low- 
Income Class 



Employment Selection 
Information for 
Middle Income Class 



This shov/s for each economic 
activity the amount of water 
which it required, the amount 
which it obtained from its nor- 
mal source and the cost which it 
paid to purchase water, to treat 
its intake water, to recycle 
water and to treat its effluent. 

Map showing, foi? .each parcel con- 
taining surface v/ater, the coli- 
form. count and the water quality 
rating. The pollution indexes 
for such parcels and for parcels 
bordering parcels containing 
surface v^ater are also shown. 



Tabular output showing the place 
of residence of all Pi's, their 
employers, the number of Pi's 
not employed and employed by 
each employer, the salary of 
each employer, the time units 
consumed in transportation to 
work, the cost of using an auto 
to go to work, the costs using 
a bus and/or rail to go to work, 
and the route used to travel to 
work whether by auto or public 
transit. 

Tabular output showing the place 
of residence of all Pi's, their 
employers, the number of Pi's 
not employed and employed by 
each employer, the salary of 
each employer, the time units 
consumed in transportation to 
work, the cost of using an auto 
to go to work, the costs using 
a bus and/or rail to go to work, 
and the routes used to travel to 
work whether by^ auto or public 
transit. 
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Print-Out Section 



Description 



Employment Selection 
Information For High 
Income Class 



Part-Time Work 
Allocation For High 
Income Class 



Part-Time Work 
Allocation for 
Middle Income Class 



Part-Time Work 
Allocation for Low 
Income Class 



Employment Sxmimary 



Tabular output shov/ing the place 
of residence of all Pi's, their 
employers, the number of Pi's 
not employed and employed by 
each employer, the salary of 
each employer, the time units 
consumed in transportation to 
work, the cost of using an auto 
to go to work, the costs using 
a bus and/or rail to go to work, 
and the routes used to travel 
to work whether by auto or public 
transit. 

Tabular list of residence loca- 
tion of part-time workers, their 
employers, the number of part- 
time units spent working, and 
the yearly salary rate. 

Tabular list of residence loca- 
tion of part-time workers, their 
employers, the number of. part- 
time time units spent working 
and the yearly salary rate. 

Tabular list of residence loca- 
tion of part-time workers, their 
employers, the number of part- 
time time units spent working 
and the yearly salary rate. 

Infomation by class and total 
for the number of Pi's employed 
at their design level or at 
lower levels, the number unem- 
ployed, the total number of 
Pi's, the part-time units worked, 
and the number of jobs full time 
that were not filled by the lo- 
cal labor force. 



Commercial Allocation 



Personal Goods 
Allocation Summary 



Tabular output showing the i- 
dentif ication number assigned 
to each PG establishment, its 
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Print-Out Section 



Description 



Personal Services 
Allocation Summary 



Business Goods 
Allocation Summary 



Business Services 
Allocation Summary 



Terminal Allo- 
cation^ Summary 



location , owner , level , ef- 
fective capacity, actual 
capacity used, price, and gross 
sales • For each customer it 
shows the store to which it is 
assigned, the customer loca- 
tion and type or class, the cus- 
tomer's owner, the consumption 
units (including those for main- 
tenance and recreation) , trans- 
portation costs (shadow costs 
in the case of residences) the 
purchase cost (total cost in 
the case of residences) , and 
total .cost* ■ 

This is. identical in format to 
the Personal Goods Alloca'tion' 
Summary but gives details re- 
garding personal services • 

For businesses which require 
business goods, the format "is 
the , same as f or_personal,^goods • 
In addition, there is a section 
called Government Contracts 
which shows, for each school 
and MS department, 'hoW many con- 
sumption units it purchases from 
each business goods establishment. 

This is identical in format to 
the Business Goods Allocation 
Summary but gives details re- 
garding business services.. 

Tabular list of the location, 
business type (land use) , and 
terminal requirements of each 
terminal user. Each terminal 
is assigned an identification 
number and its location, level, 
and usage are noted. 
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Print-Out Section 



Description 



Terminal Allocation Map showing the code number of 
**^P the terminal to which each ter- 

minal use? in the local system 
is assigned. 

5. Social Sector* 

Dollar Value of Time This table shows, by team and 

by class, the dollar value of a 
time unit spent ih travel* 

By jurisdiction, by social de- 
cision-maker , and^ by class, a 
table in which each social char- 
acteristic is-a row and each res- 
idence parcel is a column. The 
characteristics are descriptive 
and financial. 

Detail on who is boycotting, what 
function they are boycotting, 
and similar details aboiit social 
boycotts appear on this output. 

6, Economic Sector** 

Farm Output Tabular list, one row per farm, 

showing the farm cods number, 
farm type, number of parcels 
comprising the farm, number of 
percents of parcels conprising 
the farm, the farm's fertilizer 
level, ^ normal ihcoms, actual in- 
come, land taxes, and total net 
income. 



*The dollar value of time prints a table for each jur- 
isdiction, although at this time the value is set for a ^:eam 
and class without regard to jurisdiction. The rest of the 
social detail prints in order of jurisdiction number, within 
that in alphabetical order, and within that in order of class 
(low first, high last). Output for any classes which a team 
does not control in a jurisdiction is not printed. Likewise, 
a class having no boycotts receives no boycott output, 

**The economic output prints by team in alphabetical order. 
All of a single team's output is printed before the next team's 
output begins, A team for which a section pf output is ir- 
relevant does not receive that section of output. For example, 
a team with no residences receives no residence output. Like- 
wise, a team which has no loans outstanding as either a debtor 
or a creditor does not receive a loan summary. All active 
teams receive financial summaries. 
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Social Decision- 
Maker Output 



Social Boycotts 



Print-Out Section 
Residence Output 

Business Output 



Construction 
Industry Output 



Construction 
Industries' Contract 
Table 



Eponomic Boycott 
Status 



New Construction 
Table 



Land Summary 



Description 

Tabular list of descriptive and 
financial information about 
each residence parcel which the 
decision-maker controls. 

Tabular list of descriptive and 
financial information about each 
business which the decision- 
maker controls. All basic in- 
dustries are grouped together 
and precede the group of per- 
sonal commercial and business 
commercial . 

Tabular list of descriptive and 
financial information about each 
construction industry which the 
decision-maker controls. 

Description of all contracts 
made by construction industries 
controlled by the decision- 
maker. 

Detail on all boycotts in which 
the decision-maker is either the 
party boycotting or the party 
being boycotted. 

Detail on all construction contracts 
in which the decision-maker is the 
contractee . 

""abular list of the location of 
parcels owned by a team, their 
assessed value, percent that is 
undeveloped and private, the 
taxes on undeveloped land, the 
percent publicly developed and 
undeveloped/ the percent un- 
developable because of topo- 
graphical constraints, the utility 
capacity available and used. 
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1?rint-0ut Section 



Description 



Loan Statement 



Financial Summary 



Tabular list showing borrower ^ 
lender, interest rate, years, re- 
maining on the loan, the original 
principal, and the annual payment, 

A cash flow statement showing ex- 
penditures and income, a port- 
folio of conservative and spec- 
ulative stocks, a balance sheet 
of assets and liabilities, and 
the amount which the decision- 
maker can borrow. 



7. Social and Economic 
Summaries 

Number of Levels of 
Economic Activity 
Controlled by Teams 

Employment Centers 



Economic Control 
Summary* 



A table listing the number of ^ 
levels of each economic activity 
controlled by each team. 

Table showing the locations, 
number of job openings, number 
of Pi's hired, and salaries of- 
fered by Federal-State Em- 
ployers; table showing, for 
each local government employer, 
the location of its employment 
center. 

For each non-farm economic ac- 
tivity, this table shows its 
location, type and operating 
level of activity, production 
index (0-100) or occupancy 
rate (0-120), net income, and 
rate of return. 



*This table prints for each economic team in 
alphabetical order. 
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Print-Out Section 



Description 



Social Control 
Summary* 



Fox" each class living on each 
parcel controlled by a single 
two-l6tter social decision- 
maker^ this table shows the res- 
idence location^ class ^ gross 
income per v/orker^ family 
savings and total dissatisfaction 
(quality of life index) . 



Social Control 
SumiTiary 



Economic Control 
Summary 



Social Control 
Summary 



By jurisdiction and by class ^ 
the number of Pi's controlled 
by each social decision-maker. 

This prints ty;o graphs for each 
economic decision-maker ^ in al- 
phabetical order • The first iS/ 
for up to ten rounds ^ the aver- 
age net income from the team's 
economic activities each rounds 
expressed as a ratio of the 
first round's net income. Tne 
second is a ten-round history 
of the average rate-of-return 
of the team's economic activities, 
expressed as a percent. 

This prints two graphs for each 
social decision-maker, in al- 
phabetical order. The first is 
a ten-round history of the average 
net income earned by each class 
which the team has controlled. 
The second is a ten^round his- 
tory of the average quality-of- 
life index of each class which 
the team has controlled. 



*This table prints for each social decision-maker 
in alphabetical order. 



ERIC 



238 



Print-Out Section 
8. Government Detail* 
Assessment Report 



Water Department 
Reports 



Sampling Station 
Report: Point 
Source Qualiry 



Sampling Station 
Report: Ambient 
Quality 



Utility Department 
Report 



* Description 



List of assessment ratios, 
special assessments and other 
policies set by the .Assessor, 

List of intake and outflow treat- 
ment plant locations, levels, 
types, capacities, operating 
costs, volume treated,, income, 
intake and outflow point lo- 
cations, prices charged to 
municipal water users, pollu- 
tant concentration in municipal 
effluent (for those districts 
which are Scunpled) . 

For those economic activities 
v;hose effluent is sampled by 
the local government, this 
shows the volume of effluent and 
the concentration of each pol- 
lutant after any treatment* 

For any parcel on which the 
jurisdiction measures the quality 
of the surface v;ater leavijic; 
the parcel, this output shows 
the concentracion of each 
pollutant. 

Tabular list of utility plants, 
their location, level, units in- 
stalled frojn each plant, units 
served, total operating* costs 
per unit, and income derived 
from charges, hlso listed is 
the charge per utility unit to 
customers, undeveloped land 
and outstanding bonds. 



*A department's output is printed for all jurisdictions 
before the next department's output is prinked. 
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Print-Out Section 



Description 



Utility Department 
Finances 



Suitrniary of all current and 
capital revenues, expenditures, 
and new balances. 



Municipal Services 
Department Report 



Municipal Services 
Department Finances 



Tabular list of MS locations, 
maintenance levels, value ratios, 
effective capacities, loading 
(units of capacity used) , num-- 
ber PL and PM's working, and the 
MS use indexes* Also shown are 
the salary levels, contracts to 
purchase BG and BS, the locations- 
of undeveloped land, and out-- 
standing bonds. 

Summary of all current and capital 
revenues , expenditures , and new 
balances 



Municipal Services 
Department Con- 
struction Table 



Planning $^ad Zoning 
Departmen£ Repor^ 



School Department 
Report 



For each MS construction or 
demolition, this shows the lo- 
cation of the construction firm, 
the MS location, the status of . 
construction, the old and new 
level of the^MS, the contracted 
price, the maintenance level, and 
the number of PL's and PM's 
assigned to work at the MS. . 

Total jurisdiction population, 
total amount of parkland, out- 
standing , bonds , and capital 
revenues , expenditures , and 
new balance. 

Tabular data on school unit lo- 
cations, levels, maintenance 
levels, value ratios, students 
attending, teachers, student- 
teacher ratios, and use indexes. 
Also data on undeveloped land, 
BG and BS contracts and cost of 
purchases, adult education sum- 
mary, and several summary 
school statistics ♦ 



School Department 
Finances 



Summary of all current and 
capital revenues, expenditures, 
and new balances. 
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Print-Out Section 



Description 



School Department 
Construction Table 



Highway Department 
Report, 



Highway Department 
Construction Table 



Rail Company 
Report 



For each school construction or 
demolition, this shows the lo- 
cation of the construction firm, 
the school building location/ 
the status of construction, the 
old and new level of the school, 
the contracted price, the 
amount of federal-state aid used' 
the maintenance level for the 
school, and the ntunber of PM*s 
and PH's assigned to work at 
the School* 

A financial report shov/ing 
capital and current expenditures 
and revenues, outstanding bonds, 
a summary of maintenance levels 
and expenditures by road type, 
a summary of road conditions, 
a terminal status report, a 
list of undeveloped land, and a 
status report on available fed- 
eral-state aid* 

For each road or terminal con- 
struction or demolition; this 
shows the constructionu firm, 
the location of the road or ter- 
minal, the status, the old and 
new level, the contracted price, 
and the dollar amount of fed- 
eral-state aid used. 

A financial report showing 
capital and current revenues and 
expenditures, outstanding bonds, 
employment costs, the amc -mt 
and condition of rolling stock, 
the fare structure, passengers 
and total fares by route, and 
the number of passengers using 
each segment of each route* 
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Print-Out Section 



Description 



Bus Company 
Report 



Chairman Department 
Finances 



Tax Summary 



Financial Summary 



A financial 
capital and 
expenditure 
^employment 
and conditi 
the fare st 
and total f 
the niomber 
each segmen 



report showing 
current revenues and 
s, outstanding bonds, 
costs, the amount 
on of rolling stock, 
ructure , passengers 
ares by route, and 
of passengers using 
t of each route. 



This shows the Ifare paymenirc^"" 
per unemployed worker and the 
financial summaries for munici- 
pal services , schools , highways , 
planning and zoning , utilities , 
and the chairman *s account. 
Also included are the Chairman's 
outstanding bonds . 

Tabular list showing by the eight 
types of local tax bases, the 
dollar amount of the tax base, 
the tax rate, and the revenue 
generated . 

Tabular list, for each depart-- 
ment, of current and capital 
appropriations , federal-state 
aid, total revenue, total ex- 
pe^iditures and final surplus or 
deficit . 



Summary Statistics 

Demographic and 
Economic Statistics 



Tabular list by jurisdiction of 
population and its character- 
istics, land usage, housing, 
employment, earnings , income 
from the national economy, out- 
flows to the national system, 
and national business cycle ' 
effects . 
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Print-Out Section 



Description 



Maps 



Personal Goods 
Allocation Map. 



Personal Services 
Allocation Map 



Business Commercial 
Allocation Map 



Municipal Service 
Map 



Map showing the locations and 
code numbers of all personal 
goods establishments, -locations 
of all PG users, and the code 
number- of the PG to which each 
PG user is assigned. 

Map showing the locations and 
code numbers of all personal 
services establishments , lo-- 
cations of all PS users, a^nd 
the code number of the PS to 
which each PS user is assigned. 

Map showing the locations and 
code numbers of all business 
goods and business services 
establishments , locations of 
all BG and BS users, and the 
code numbers of the BG and BS 
to which each BG and BS user 
is assigned, • 

Map showing the locations of 
MS's and their districts, the 
locations of economic activities, 
the numbej of MS units drained 
by each economic activity and 
MS use indexes. 



School Map 



Utility Map 



Map showing the locations of 
schools and their districts, 
school use indexes, and the 
number of children on each 
residence parcel attending 
public and private schools. 

Map showing the locations of 
utility plants and their dis- 
tricts, the numbor of utility 
units installed on each parcel, 
and the number ot utility units 
drained on each' parcel. 
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Print-Out Section 



Description 



Water Usage Map 



Water Quality Map 



Municipal Treatraent 
Plant Map 



Municipal Intake 
and Outflow Point 
Map 



Surface Water Map 



Farm Funoff Map 



Map shov/ing the locations of 
economic activities, the per- 
cent recycling at basic in- 
dustries, and the type and 
level of basic industries' 
effluent treatment plants. 

Map showing the locations of 
economic activities , the surface 
water quality on those parcels 
having surface water, and the 
pollutant V7hich caused the 
_water quality rating. 



Map showing locations, types 
and levels of municipal intake 
and outflow treatment plants. 

Map showing locations of munici- 
pal intake and outflow points 
and the utility districts which 
they serve. 

Map shov/ing, for each parcel 
having surface water, the volume 
of water on the parcel, its rate 
of flovz, and the percent of the 
surface area of the parcel 
consumed by water. 

Map shov/ing for each farm its 
type and where its runoff flows 
into the surface v/ater. 



River Basin Flood 
]?lain Map 



Farm Map 



Map shov/ing the locations of 
river basins, the dam priority 
of each river basin, and the 
flood susceptibility of each 
parcel in the river basin. 

Map shov/ing the location of each 
farm, its owner, its code num- 
ber, the percent of each farm 
parcel which is ,in farm use, 
the type of farm, and its 
fertilizer level. 
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Print--Out Section 



Description 



Farm Assessed and 
Market Value Map 



Market Value Map 



Assessed Value Map 



Economic Status Map 



Highway Map 



Planning and Zoning 
Map 



Map shov;ing, for each farm par- 
cel, its assessed and market 
value and the percent of the 
parcel which is in farmland. 

Map showing, for each privately-- 
owned non-farm parcel, the mar- 
ket value of 100% of the land, 
the market value of the pri- 
vately-ov/ned buildings, and the 
total market value of the pri- 
vately-owned land and buildings. 

Map showing, for each privately- 
owned non-farm parcel^ the as- 
sessed value of the privately 
owned land, the assessed value 
of the privately-ovmed buildings, 
and the total assessed value of 
the privately-owned land and 
buildings . 

Map showing the economic sector 
owner of each privately-owned 
non-farm parcel, its zoning, 
the type and level of economic 
activity, the level of utilities 
installed, and, for every par- 
cel, the percent" of the parcel 
which is privately-owned and 
undeveloped. 

Map showing the locations and 
types of roads' ^nd terminals 
and the locations, types, and 
levels of non-farm economic 
activities . 

Map shov/ing the zoning classifi- 
cation of those parcels which 
are zoned, the percent of each 
parcel which is parkland, and 
the percent of each parcel 
which is public, institutional 
land. 



Print-Out Section 



Description 



Parkland Usage Map 



Socio-Economic 
Distribu-tion Map 



Demographic Map 



Map showing the percent of each 
parcel which is in parkland or 
public institutional use, the 
population served by the park, 
and the park's use index. 

Map showing, for eac.h residen- 
tial parcel, the type and level 
of housing and the number of 
Pi's in each class living there, 

Map showing the population (in 
100 's), percent occupancy, and 
quality index (QI) for all resi- 
dential parcels, and the value 
ratio (VR) for all private non- 
residential developments. 



Social Decision- 
Maker Map 



Topographical 
Restriction Map 



Government Status 
Map 



Map showing, for each class living 
on a residential parcel, the 
social decision-maker which 
controls the class on that 
parcel . 

Map showing the percent of each 
parcel which is undevelopable 
due tjD topographical or other 
restrictions (e.g., mountains 
or military bases) . 

Map showing the locations and 
levels of schools, municipal 
services, utility plants, 
roads , and terminals . 
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